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Abstract 
The AbsA two-cotnponent systetn is a negative regulator of antibiotic 
biosynthesis in Streptomyces coelicolor. To gain further insight into the role of the AbsA 
system different in-frame deletion mutations were made in the absAJA2 operon inS. 
coelicolor MTlll 0, MTlll Ofl.cdaR and S. lividans 1326. Phenotypic analysis of 
fl.absAJA2 and fl.absA2 in the MTlll 0 derivatives showed that CDA was produced early 
on Oxoid nutrient agar relative to the parent strain. The absA mutants inS. lividans 1326 
(both fl.absAJ and fl.absAJA2) did not show early CDA production. On solid R2YE both 
MT1110fl.absAJA2 and MT1110fl.absA2 produced undecylprodigiosin and actinorhodin 
earlier. In liquid R2YE medium MTlll Ofl.absAJA2 produced undecylprodigiosin and 
actinorhodin earlier compared to MTlll 0 wild-type. 
RNA was extracted frotn surface-grown cultures ofMTlllO and its fl.absAJA2 
derivative on R2YE agar at different stages of growth. Cy3-labelled eDNA and Cy5-
labelled genmnic DNA (gDNA) were hybridised on in-house printed 50-tner oligo anays 
representing all S. coelicolor open reading fratnes. Differentially expressed genes were 
identified by the 'Rank Product' tnethod. Transcriptmnic analysis revealed that tnany 
genes encoding enzymes of centraltnetabolism were up-regulated in MTlllOfl.absAJA2 
cmnpared to MTlllO wild-type. Three genes, SC04089, SC03829 and SC01270 
encoding valine dehydrogenase, dihydrolipoamide acyltransferase cmnponent E2 and the 
alpha-subunit of pyruvate dehydrogenase cmnplex respectively, were found to be more 
highly expressed in MT1110fl.absAJA2. These genes encode enzytnes whose reactions 
produce possibly precursors for CDA, Act and Red biosynthesis. The gene encoding 
pyruvate kinase 2 (SC05423) showed increased expression in the tnutant at and after 24 
h of growth. Genes encoding subunits of ATP synthases showed increased expression in 
the tnutant that indicates that an increase oxidative metabolistn is occtu·ring in 
MT11lfl.absAJA2. A gene, SC06195, encoding a stationary phase-active enzytne, acyl-
coenzyme A synthetase was induced in MTlll Ofl.absAJA2 at 23 and 24 h of cultivation. 
Two genes in the cda cluster were found to be repressed in tnutant: SC03224 and 
SC03229, encoding an ABC transporter ATP-binding protein and 4-hydroxytnandelate 
synthase, respectively. The gene encoding AfsS (SC04425) was fotmd to be up-regulated 
in the fl.absAJA2 tnutant at the late phase of the growth. Four genes encoding enzytnes 
putatively involved in the pentose phosphate pathway were found to be up-regulated in 
MTlll Ofl.absAJA2 at certain titne points. Genes encoding ribosotnal protein showed a 
1nore relaxed growth phase dependent pattern of expression in the n1utant while one r-
protein encoding gene, rpsK (SC04728), showed higher expression in the n1utant except 
at stationary phase. 
It is deduced frmn the global gene expression analysis that the possible role of the 
AbsA systetn in S. coelicolor is to regulate precursor supply for antibiotic production 
rather than to directly regulate the genes of the respective antibiotic biosynthetic clusters. 
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Chapter I: Introduction 
Chapter 1: Introduction 
1.1 Streptomycetes 
Streptomyces are Gran1-positive, chen1oheterotrophic soil bacteria that belong to 
the bacterial order Actinmnycetales. They contain large, G + C rich, linear chrotnosotnes 
and linear plastnids. Streptomyces undergo a complex growth cycle consisting of 
filatnentous vegetative growth, the fonnation of aerial hyphae and differentiation of the 
hyphae into spore chains (Figure 1.2). 
Perhaps the 111ost striking feature of the Streptomyces is their capacity to 
produce astonishing range of secondary n1etabolites with antibacterial, antifungal, 
antiparasital, antitutnotu·, ilnmtmosuppressive and herbicidal properties. 
Over the past four decades a lot of work has been dedicated to studying the biology of the 
streptomycetes including prhnary and secondary tnetabolistn, its life cycle and genome 
rearrangements. The publication of the genotne sequencing of the tnodel organism, 
Streptomyces coelicolor A3(2) has indeed enhance our understanding of the organis1n. 
S. coelicolor possesses 8.67 Mb linear chron1osome that has been genetically and 
physically tnapped and sequenced (Fig. 1.1; Kieser et a!., 1992; Redenbach et a!., 1996; 
Bentley eta!., 2002). S. coelicolor carries two plastnids SCP1, a 350 kb linear plastnid 
and SCP2, a 31 kb circular plasmid. 
The chron1oso1ne is linear with a centrally located origin of replication ( oriC) 
near dnaA and gyrB, genes encoding the replication initiation protein and DNA gyrase 
respectively (Jakilnowicz eta!., 1998; Musialowski eta!., 1994). The chromoson1e ends 
of the S. coelicolor contain tenninal inverted repeats (TIRs). These TIRs range frmn 175 
bp for S. avermitilis to 850 kb for an S. ambofaciens n1utant (Fischer eta!., 1998; Ikeda 
et al., 2003). These sequences are generally not conserved atnong streptmnycetes, 
however sequence of only the first 200 bp of TIRs appears to be conserved an1ong 
Streptomyces species (Huang et a!., 1998). 
The ends of Streptomyces chrmnosmnes are highly dynatnic and undergo 
changes like deletions and atnplifications. These deletions are often accon1panied by 
circularisation of the chrmnosmne and atnplification of subtelotneric DNA (reviewed in 
Leblond atld Decaris, 1999). The chrotnosotnal ends are covalently bound to proteins 
known as tenninal proteins (TPs; Lin et a!., 1993; Bao a11d Cohen, 2001). These TPs 
have been found in different species. These proteins m·e required for replication of linear 
plasn1ids and chrotnosmnes in Streptomyces (Bao and Cohen, 2001 ). 
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The chrotnosmne of S. coelicolor contains 8667,507 bp. This size is twice of the 
chrmnosotnes Mycobacterium tuberculosis and E. coli. The S. coelicolor genotne 
encodes 7,825 genes. This nutnber is cotnparatively high when cotnpared to 4289 genes 
in Gran1-negative bacteriun1 E. coli; 4099 in the Gratn-positive Bacillus subtilis and 6203 
in the lower eukaryote Saccharomyces cerevisiae. 
S. coelicolor encodes expanded protein fatnilies involved in regulation, transport 
and degradation of extracellular nutrients. The central region of the chrmnosmne known 
as the "core" contains essential genes and the anus contain n1ostly genes of non-essential 
or conditionally required secondary n1etabolites. Table 1.1 shows the general features of 
the S. coelicolor genotne. 
Table 1.1 General feattu·es of the chrotnosotne (tnodified frotn Bentley et al., 2002). 
Component of chromosome Property 
Total size 8,667,507 bp 
G + C content 72.12% 
Coding sequences 7,825 
Average gene length 991 bp 
Ribosotnal RNAs 6 X (16S-23S-5S) 
Transfer RNAs 63 
Other stable RNAs 3 
Genon1e sequencing of S. coelicolor has revealed that it contains 22 clusters 
potentially involved in contingent tnetabolites biosynthesis (Table 1.2; Bentley et al., 
2002; Challis and Hopwood, 2003). These clusters direct the synthesis of polyketides, 
non-ribosotnal peptides, siderophores and grey spore pigtnent. The well-studied 
contingent metabolites of S. coelicolor include four antibiotics: actinorhodin, 
undecylprodigiosin, calcitun-dependent antibiotic (CDA), tnethylenotnycin (encoded by 
plastnid SCPl). 
2 
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Table 1.2 Gene clusters potentially directing the production of contingent 1netabolites in 
S. coelicolor (1nodified fro1n Challis and Hopwood, 2003) 
Biosynthetic system Metabolite Location on 
chromosome (SCO 
numbers) 
Type II PKS Actinorhodin 5071-5092 
Type II PKS Gray spore pig1nent 5314-5320 
Mixed Methyleno1nycin SCP1 plas1nid 
NRPS; type I n1odular PI<S Prodiginines 5877-5898 
NRPS CDA 3210-3249 
NRPS Coelichelin 0489-0499 
NRPS Coelibactin 7681-7691 
NRPS Unknown 6429-6438 
Type I modular PKS Unknown 6273-6288 
Type I 1nodular PKS Unknown 6826-6827 
Type I iterative PKS Polyunsaturated fatty acid? 0124-0129 
Chalcone synthase Tetrahydroxynaphthalene 1206-1208 
Chalcone synthase Unknown 7669-7671 
Chalcone synthase Unknown 7222 
Sesquiterpene synthase Geos1nin 6073 
Sesquiterpene synthase Unknown 5222-5223 
Sesquiterpene-Hopene cyclase Hapanoids 6759-6771 
Phytoene synthase Isorenieratine 0185-0191 
Siderophore synthetase Desferrioxrunines 2782-2785 
Siderophore synthetase Unknown 5799-5801 
Type II fatty acid synthase Unknown 1265-1273 
Butyrolactone synthase Butyrolactones? 6266 
Deoxysugar Unknown 0381-0401 
3 
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Figure 1.1 Circular representation of the Streptomyces coelicolor chromosome (from 
Bentley et a!., 2002). 
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1.2 Developmental biology of Streptomyces 
Streptotnycetes tnay be considered tnulticellular organistns. They have a 
n1ulticellular developtnental cycle that includes the true cellular differentiation (reviewed 
by Hodgson, 1992; Chater 1993, 1998, 2001). Streptomyces undergo a complex cycle of 
growth. The life cycle of Streptomyces coelicolor begins with spore gennination 
(Fig.1.2). A genn tube e1nerges from the spore and fonns filatnents, the substrate 
tnycelium. This mycelial tnat is used by Streptomyces to colonise the enviromnent, 
growing into available food. After a period of growth some changes take place. These 
changes include the onset of secondary metabolism, lysis of the substrate tnycelimn and 
the erection of aerial hyphae. The aerial hyphae give the colony a characteristic fuzzy, 
white appearance. Initially the aerial hyphae are straight but after a period of growth they 
begin to fonn coils, which septate producing unigenon1ic compartinents or prespores. 
Spores are fonned fron1 these prespores when their cell walls thicken and round off. 
Streptomyces coelicolor colonies develop a characteristic grey colour due to synthesis of 
a polyketide spore pigtnent. The tnatm·e spores are now ready for dispersal to start the 
development cycle in a new nutrient rich habitat. 
The genetics of differentiation of Streptomyces coelicolor involves two types of 
genes, bld and whi. The bld (bald) tnutants are unable to fonn aerial mycelium and fonn 
a chm·acteristic shiny colony phenotype. The whi (white) n1utants can generate aerial 
hyphae but are tmable to produce mature spores. Several bld tnutants have been 
described including bldA (Lawlor et al., 1987; Leskiw et al., 1991a), bldB (Pope et al., 
1998; Eccleston et a!., 2002), bldC (Hunt et al., 2005), bldD (Elliot et a!., 1998; 1999; 
2001), bldG (Bignell et al., 2000), bldH (Chatnpness, 1988) bldl, bldJ (Nodwell eta!., 
1996), bldK (Nodwell et a!., 1996: Nodwell and Losick, 1998), bldL (Nodwell et a!., 
1999), bldM (Bibb eta!., 2000; Molle and Buttner, 2000) and bldN (Bibb eta!., 2000). 
The bldA gene encodes the only tRNA in S. coelicolor that can efficiently 
translate the rare leucine codon UUA (Lawlor eta!., 1987; Leskiw eta!., 1991a; 1991b). 
bldA mutants are unable to produce antibiotics and to undergo tnorphological 
differentiation in certain tnedia. The TT A codon is found rarely in the G+C rich 
Streptomyces genotne. There are a total of 145 genes in the genome that contain a TT A 
codon; only for sotne of these genes a direct linl< with the bldA tnutation has been 
demonstrated. 
5 
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Figure 1.2 The life cycle of Streptomyces coelicolor (frmn Kieser et al., 2000). 
Recently a con1bined transcriptotnic/protemnic approach has been taken to study 
the global effect of a bldA n1utant grown in liquid cultures (Hesketh et al., 2007). The 
role of bldA in aerial tnycelimn formation still retnains tu1clear although it has been 
found that the effects are tnediated through the TTA containing bldH (adpA) gene. 
bldB encodes a DNA binding protein. Null tnutants of bldB are deficient in 
aerial hyphae fonnation and are unable to produce antibiotics (Eccleston eta!., 2002). 
bldC encodes a 1nen1ber of small DNA binding proteins containing the DNA-
binding dotnain of the MerR fatnily of transcriptional regulators ( Hunt et a!., 2005). 
bldC tnutant are defective in morphological differentiation and antibiotic production. 
BldD is a DNA binding protein that represses the transcription of whiG and 
bldN (Elliot et al., 2001; l(eletnen eta!., 2001). The bldN gene encodes an ECF-type-
sigma factor and activates expression of bldM and is itself dependent on bldG and bldH 
(Bibb et al., 2000). The bldH tnutant has been renatned as adpA and found to contain a 
TTA codon (Takano et al., 2003). bldG encodes a putative anti-anti-sigma factor and is 
active in its phosphorylated fonn (Bignell et al., 2000, 2003). A bldG mutant expressing 
the non-phosphorylatable BldG protein was unable to undergo n1orphological 
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differentiation or to produce antibiotics even after prolonged incubation (Bignell et al., 
2003). 
The bldK locus encodes metnbers of the oligopeptide penn ease involved in the 
transport of peptide signals (Nodwell et al., 1996). bldK mutants are extracellularly 
cotnpletnent by bldA and bldH tnutants. It is thought that bldM encodes a response 
regulator (Molle and Buttner, 2000) whilst bldN is thought to encode an extracytoplastnic 
sigtna factor (Bibb et al., 2000). 
The bld phenotypes are dependent on the carbon source present in the 1nedium 
and with the exception of the bldB, the presence of a poor carbon source such as 1natu1itol 
(in place of efficiently utilizable glucose) can partially restore the tnorphological and 
antibiotic defects (Chatnpness and Chater, 1994). Pope et al., (1996) reported that bld 
mutants (bldA, bldB, bldC, bldD, bldG and bldH) were defective in the regulation of the 
galP 1 protnoter and transcription from tl1is prmnoter was glucose-derepressed. Pope et 
al., (1996) suggested that the bid genes are prhnarily involved in the regulation of carbon 
utilization and the observed phenotype (deficiency in aerial tnycelitun formation) was 
tnerely a secondary consequence of their inability to sense or signal starvation. 
A citrate synthase tnutatlt (citA) was tu1able to erect aerial hyphae due to the 
acctunulation of organic acids (Viollier et al., 2001). Interestingly these defects were 
overcome by the overexpression of Ratn. (RatnR is discussed below). 
The cAMP tnolecule has been implicated in tnorphological development 
(Susstrunk et al., 1998). A cya mutant (adenylate cyclase disruptant) was shown to 
facilitate the developmental processes. The etnergence of the genn tube fonnation was 
severely delayed in a cya tnutant cotnpared to wild-type S. coelicolor. The cya tnutant 
was also tu1able to neutralize the acid production frotn an unbuffered medimn and was 
deficient in the aerial myceliun1 production. Exogenous cAMP also stimulated 
actinorhodin production in the cya tnutant (Susstrunk et al., 1998). 
The bld n1utants can exhibit extracellular con1ple1nentation with the defect of 
one mutant being restored when they are grown in the close proximity to other bld 
1nutant or wild-type S. coelicolor or in the presence of purified SapB protein (Willey et 
al., 1993). This extracellular cotnplementation occurs on a rich medhnn such as R2YE. 
Different analyses have suggested the following hierarchy of extracellular 
cmnplen1entation. 
[bldJ] < [citA] < [bldK] < [bldA,H] < [bldG] < [bldC] < [ratnR,S] <or> [ramC] <or> 
[bldD,M] -+ [SapB] 
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All blocked tnutants to the left are extracellularly cotnpletnented by those on the 
right, and those in the same group do not interact with each other and display the smne 
pattern of cotnpletnentation. This tnodel suggests that each signal induces the production 
of the next one, ulthnately leading to the synthesis ofSapB. 
SapB is a stu'factant like peptide that reduces surface tension at the colony 
surface and facilitates the growth of aerial hyphae (Willey et al., 1991; Wosten and 
Willey, 2000; Willey et al., 2006). SapB protein has been shown to derive frotn a 
developtnentally regulated gene, ramS (Kodani et al., 2004). SapB is initially synthesised 
as a 42-atnino acid peptide and undergoes post-translational tnodification and is 
converted into a 21-mnino acid tnature SapB (Fig 1.3). The ramS is a part of an operon 
ramCSAB (O'Cotmer et al., 2002; Nguyen et a/., 2002). Transcription of ramCSAB is 
positively regulated by the product of the convergently transcribed ramR gene (O'Cmmer 
et al., 2002). RatnR is a response regulator-like protein that binds to the ramCSAB 
prmnoter region (Kiejser eta!., 2002; Nguyen et a!., 2002; O'C01u1er eta/., 2002). SapB 
is detected only on rich tnedimn like R2YE but is absent ontninilnaltnediunl (Willey et 
a!., 1991). 
Figure 1.3 Prhnary structure of the tnorphogen SapB (from l(odani eta/., 2004). 
Another group of proteins called chaplins is also hnplicated in aerial tnyceliutn 
fonnation. Chaplins are a group of eight secreted, surface-active proteins that are 
necessary for aerial hyphae formation (Claessen et a/., 2003; 2004, Elliot et a!., 2003). 
These proteins fonn a hydrophobic sheath on the cell surface and tnutants defective in 
multiple chaplins are unable to produce aerial hyphae under 1nany growth conditions. 
Recently it has been shown that chaplins are produced by bld n1utants (with the exception 
of bldB) on tninhnal meditnn Capstick eta/., 2007). Capstick et al., proposed a n1odel to 
explain the role of SapB and chaplins in aerial hyphae production on different tnedia (Fig 
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1.4). They proposed two pathways one of which is SapB/chaplin-dependent which allows 
the aerial hyphae formation on rich (glucose-containing) medium like R2YE and a 
chaplin-dependent pathway that allows aerial hyphae formation on mannitol containing 
medium. 
Rich (glucose-containing) medium 
(R2YE) 
Mannitol-containing medium 
(MS) 
Vegetative growth 
SapB/Chp-dependent pathway Chp-dependent pathway 
bid genes 
Aerial hyphae formation 
Figure 1.4 Regulation of aerial hyphae formation (from Capstick eta!. , 2007). 
RamR was recently shown to activate a distant cluster termed the RamR-
activated genes (ragABKR) (Paolo et a!. , 2006). Paolo et a!., used DNA microarrays to 
discover genes whose expression were affected by the ramR mutation or its 
overexpression. RamR exerts its effects on the ragABKR operon by binding to the 
promoter of ragA. A ragABKR null mutant strain was able to produce SapB and 
generated aerial hyphae but sporulation was delayed (Paolo eta!. , 2006). 
The whi (white) genes are required for the completion of spore maturation but 
not for the formation of the aerial mycelium. whi mutants form a white fuzzy aerial 
mycelium that fails to turn grey. whi genes are divided into two classes; early and late 
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whi genes. Early whi genes include whiA, whiB, whiG, whiH, whil and whiJ (Chater, 
1998, 2001). Mutants in these genes produce few or no spore-like bodies. whiG encodes 
an RNA poly1nerase sigma factor (Tan et a!., 1998). In the absence of the whiG, aerial 
hyphae are long, straight and featureless. whil gene specifies a protein that rese1nbles the 
1ne1nbers of the response regulators of two-cmnponent syste1n though it lacks conserved 
and functionally hnportant residues usually required for phosphorylation (Ainsa et a!., 
1999). The whiH gene encodes a transcriptional regulator that belongs to the GntR fa1nily 
of transcriptional regulators (Ryding eta!., 1999). The expression of both whiH and whil 
is dependent on ·whiG (Ryding eta!., 1999; Ainsa eta!., 1999). 
The whiA gene product has hmnologues in all con1pletely sequenced Grain-
positive bacteria (Ainsa et a!., 2000). The function of the whiA product is not assigned. 
WhiB has a C-tenninal region with features suggestive of DNA binding and is a me1nber 
of a novel fmnily of proteins found only in actino1nycetes (Davis and Chater, 1992; 
Soli veri eta!., 1992). The whiJ locus is not yet co1npletely defined. 
Two genetic loci are involved in late sporulation, these genes are whiE and 
whiD. whiE is a spore pig1nent cluster and contains eight genes, n1ost of them are the 
hmnologues of the proteins involved in the biosynthesis of polyketides (Kele1nen et a!., 
1998). The whiD locus is required for spore wall thickening. It has been found to encode 
a ho1nologue of ·whiB (Molle et al., 2000). Another hnpo1tant factor involved in the late 
sporulation steps is the sigtna factor, cr F. Disruption of cr F affects spore pigmentation 
and wall thickening. Transcription of one of the whiE protnoters is crF dependent 
(Keletnen eta!., 1998; Potuckova et al., 1995). 
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1.3 Regulation of antibiotic production by Streptomyces 
Secondary tnetabolite production is very tightly regulated and in many 
streptotnycetes coincides with tnorphological differentiation. The regulatory mechanisms 
involve both physiological and genetic mechanisms. These tnechanistns regulate 
antibiotic biosynthetic pathways and control the switch between prhnary and secondary 
1netabolisn1 and its coordination with 1norphological differentiation (reviewed by Bibb, 
2005, 1996; Chater and Bibb, 1997). 
Antibiotic production in streptotnycetes generally occurs in a growth-phase-
dependent tnatmer (Den1ain and Fung, 1995). Usually antibiotic can only be detected in 
stationary phase or at low growth rates in both liquid and solid 1nedia. For exan1ple, 
production of the anti-fungal antibiotic candicidin by Streptomyces griseus in liquid 
culttu·es occurs after DNA synthesis and hence vegetative growth had finished (Martin 
and McDaniel, 1975). Sin1ilarly on solid media Streptomyces antibioticus produced 
oleandotnycin only after vegetative growth had finished and stationary phase was 
reached (Chater and Bibb, 1997). 
Culture growth is tnost rapid when plenty of carbon, nitrogen, and phosphate 
sources are present. Antibiotic production starts when there is a depletion of nutrients, 
this might reflect sotne kind of repression tnechanistn for antibiotic production (Chater 
and Bibb, 1997). The underlying mechanisn1s by which specific nutrients affect 
secondary tnetabolite production are unla1own but there are tnany exan1ples of metabolite 
interference especially by glucose, a1nmonium and phosphate (Chater and Bibb, 1997). 
Stnall diffusible signalling tnolecules play an iinportant role in triggering 
morphological differentiation and antibiotic production in streptotnycetes (for reviews 
see Takano, 2006; Chater and Bibb, 1997; Horinouchi and Beppu, 1994). These 
tnolecules are regarded as microbial honnones and thought to be synthesized when cell 
population reaches a certain density. 
The involvetnent of diffusible signalling tnolecules in secondary tnetabolite 
biosynthesis has been recognised in various streptmnycetes species. Perhaps the best 
example is A-factor, a low-1nolecular weight regulatory substance produced by 
Streptomyces griseus that is essential for inducing sporulation and strepto1nycin 
II 
Chapter 1: Introduction 
production. A-factor is chemically a y-butyrolactone and is active in nM concentrations 
(Beppu, 1995). A series of y-butyrolactones are produced by S. coelicolor one of which 
has been characterised, SCB 1 (Takano et al., 2000). In S. coelicolor y-butyrolactone, 
SCB 1 has the ability to induce precocious production of actinorhodin and 
undecylprodigiosin (Takano et al., 2000). Synthesis of SCB 1 was dependent on scbA 
gene, a homologue of afsA (Takano et a!., 2001 ). Deletion of scbA resulted in the loss of 
gamma-butyrolacone production, but actinorhodin and tu1decylprodigiosin 
overproduction. Found in close vicinity of scbA is scbR that showed sitnilarity with 
ArpA, the A-factor binding protein of S. griseus. Deletion of scbR also abolished y-
butyrolactone synthesis and caused delayed Red production (Takano et al., 2001). In the 
smne study ScbR was found to be a DNA binding protein and was found to bind on 
promoters of scbA and its own. This binding was prevented when SCB 1 was added in the 
reaction. A recent report describes that SCB 1 was found to be controlling the expression 
of a pathway-specific regulatory gene in the cryptic polyketide biosynthetic gene cluster 
of S. coelicolor (Takano et al., 2005). ScbR was shown to interact directly with the 
protnoter region of kasO, which encodes a SARP (see below) hotnologue and this biding 
was prevented by the addition of SCB 1. A kasO deletion 1nutant showed decreased 
transcription of the other genes of the cryptic cluster suggesting that the kasO is a 
pathway-specific regulatory gene. 
Highly phosphorylated guanosine nucleotide (p )ppGpp synthetase (RelA) is 
required for antibiotic production tu1der condition of nitrogen deficiency in S. coelicolor 
and S. clavuligerus (Chakraburtty and Bibb, 1997; Jin et al., 2004). Hesketh eta!., (2001) 
have shown that the N-tenninal segment of re!A, under the control of a thiostrepton 
inducible prmnoter, induced the ppGpp synthesis, independent of amino acid liinitation. 
The accutnulation of induced ppGpp coincided with the· growth-independent transcription 
of actii-ORF4. These results provide the n1ost con1pelling evidence yet for a direct role 
of ppGpp in activating actii-ORF4 transcription. The mechanistn by which ppGpp 
activates the act II -ORF 4 transcription is not known. 
Two types of regulators are hnplicated 1n the regulation of antibiotics 
biosynthesis: pathway-specific and pleotropic regulators. Pathway specific regulators are 
usually associated with the antibiotic cluster they regulate. Exmnples of pathway-specific 
regulators include Actii-ORF4, RedD, RedZ, CdaR and StrR. Pleiotropic regulators on 
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the other hand globally control antibiotic production. These include AbsA, AbsB and 
AfsR. 
Both Actii-ORF4 and RedD belong to Streptomyces antibiotic regulatory 
proteins (SARPs; Wietzorrek and Bibb, 1997). The genes encoding the me1nbers of the 
SARP fatnily have been identified in antibiotic biosynthesis clusters of tnany 
streptmnycetes. These include dnrl in S. peucetius (Sheldon et al., 2002), ccaR in S. 
clavuligerus (Perez-Llarena et al., 1997), papRJ in S. pristinaespiralis (Folcher et al., 
2001), ty!S and tylT inS. fradiae (Bate et al., 1999, 2002) and alpT, alpU and alpVin S. 
ambofaciens (Aigle eta!., 2005). 
SARP proteins contain a winged helix-ttu·n-helix 1notif towards their N-tennini 
sitnilar to that found in the OtnpR fatnily of proteins that recognizes heptmneric repeats 
within the pro1noter region of the target genes (Wietzo11'ek and Bibb, 1997). 
Transcription of pathway-specific regulators actii-ORF4 and redD is growth-
phase dependent and occurs at stationary phase (Takano et al., 1992; Gratnajo et a/., 
1993). The transcription of redD is regulated by another transcription factor encoded in 
the red cluster, RedZ (White and Bibb, 1997). RedZ lacks the phosphorylation pocket 
usually found at N-terminal of the response regulators (Guthrie eta!., 1998). It is unclear 
that how RedZ regulates the transcription of redD. 
Little is known about the regulation of the pathway-specific regulators. U guru et 
al., (2005) identified a transcription factor AtrA, in S. coelicolor that binds within the 
promoter region of actii-ORF4. Disruption of the atrA gene resulted in reduced 
production of actinorhodin while undecylprodigiosin and CDA re1nained unaffected. The 
level of the actii-ORF4 transcript was found to be low in an atrA 1nutant strain (Uguru et 
al., 2005). Recently Mcl(enzie et al., (2007) have shown that the global regulator of the 
antibiotic synthesis, AbsA syste1n regulates the transcription of the pathway-specific 
regulators Actll-ORF4, RedZ and CdaR that in turn activate the biosynthesis of 
actinorhodin, undecylprodigiosin and CDA respectively in S. coelicolor. Their results 
showed that AbsA2,....,P binds to the prmnoter regions of these regulators and prevent their 
transcription (Section 1.3 .2). 
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1.3.1 Role of inorganic phospbate 
Inorganic phosphate has been shown to suppress antibiotic synthesis in tnany 
strepton1ycetes. Expression of the genes encoding the enzytnes for the biosynthesis of 
secondary tnetabolites is negatively regulated by phosphate, and the formation of the 
corresponding transcripts occur only under phosphate limiting conditions (Liras et al., 
1990; Austrais et al., 1990; McDowall et al., 1999; Martin, 2004). The production of 
oxytetracycline by S. rimosus is repressed in the presence of inorganic phosphate 
(McDowall et al., 1999). Candicidin biosynthesis is suppressed by excess concentration 
of phosphate. Expression of the pabS gene inS. griseus, which encodes the candicidin 
precursor-forming enzyme p-atninobenzoic acid (PABA) synthase was only observed 
under phosphate-litnitation conditions (Gil et a!., 1985). Phosphate control of antibiotic 
biosynthesis inS. lividans is tnediated by the two-cmnponent PhoR-PhoP systetn (Sola-
Landa eta!., 2003). The PhoR protein is a sensor kinase and PhoP is a n1en1ber of the 
OtnpR fatnily of DNA binding response regulators. Deletion tnutants lacking phoP or 
phoR-phoP produced more actinorhodin and undecylprodigiosin in S. lividans (Sola-
Landa eta!., 2003). Mutations of the two-cmnponent regulatory systetn PhoR-PhoP of S. 
lividans resulted in reduced levels of alkaline phosphatase activity and phosphate 
transpm1 at low phosphate concentrations and in a tnat·ked increase in the level of 
actinorhodin and undecylprodigiosin production (Sola-Landa et a!., 2003). In another 
study inactivation of polyphosphate kinase (PPK) of S. lividans also resulted in a n1arked 
increase in actinorhodin production (Chouayekh et a!., 2002). Chouyekh et a!., also 
reported that the transcription of pathway specific regulators actii-ORF4, redD and cdaR 
was also found increased. Polyphosphate kinase produces polyphosphate during 
conditions of phosphate sufficiency. 
1.3.2 The AbsA system 
The AbsA systetn is a negative regulator of all four antibiotics produced by S. 
coelicolor (Adatnidis et a!., 1990). The absA locus was identified by four UV -induced 
n1utations that globally blocked antibiotic biosynthesis without blocking morphological 
differentiation (Adamidis et al., 1990). Genetic analysis has shown that all four 
tnutations were located in the sensor kinase gene absAI (Brian et al., 1996). The absA 
locus is embedded in the cda cluster which is also regulated by this systen1. The absA 
operon contains two genes absAI and absA2, which are separated by only 18 bp (Brian et 
al., 1996; Bentley et al., 2002). The product of absAI is a sensor kinase (AbsA1) and of 
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absA2 is a response regulator (AbsA2). Initially absA 1nutants were identified because of 
their actinorhodin/undecylprodigiosin 1ninus, sporulation plus phenotypes; subsequently 
they were also shown to be CDA and Inethylenoinycin 1ninus (Ada1nidis et al., 1990). 
Disruption of either absAJ or absA2 resulted in n1utants that were producing pre1nature 
and increased mnount of antibiotics (Brian et al., 1996; Anderson et al., 2001). These 
phenotypes were nmned nrecocious hyper-production of f!ntibiotics (pha) phenotypes 
(Brain eta!., 1996). The surface of the colony of a pha tnutant was highly crenulated and 
sporulating hyphae were sparse (Brian et al., 1996). Anderson et al., (2001) have shown 
that the phosphorylated form of the AbsA2 response regulator Ｈａ｢ｳａＲｾｐＩＬ＠ generated by 
the cognate AbsA 1 sensor histidine kinase is required for nonnal growth phase regulation 
of antibiotic biosynthesis. Mutations that prevent phosphorylation of either AbsAl or 
AbsA2 produced antibiotics earlier and n1ore abundantly (Anderson et al., 2001). 
Biochen1ical analysis of the AbsA systen1 has shown that AbsA1 is both an AbsA2 
kinase and an AbsA2.-...P phosphatase (Sheeler et al., 2005). Both ａ｢ｳａＲｾｐ＠ kinase and 
ａ｢ｳａＲｾｐ＠ phosphatase catalytic activities reside in the cytoplastnic dotnain of the AbsA 1 
(Sheeler et al., 2005). Sheeler et al., also showed that tnutations that hnpair AbsA2 
kinase activity enhance antibiotic production while those that impair ａ｢ｳａＲｾｐ＠
phosphatase activity reduce antibiotic production. All four n1utations that defined abs 
(antibiotic synthesis deficient) phenotype were located in the AbsAl sensor histidine 
kinase trm1sn1itter dotnain (Anderson et al., 2001). The result of these mutations was that 
AbsAl was locked in constitutive kinase fonn (Anderson eta!., 2001). 
The absAJA2 genes the1nselves are growth-phase regulated and AbsA2,...,P is 
responsible for growth phase related positive auto-regulation (Anderson et a!., 2001 ). 
The deficiency in producing Act and Red was shown to be a decrease expression of act II-
ORF4 and redD transcripts in abs mutants (Aceti and Chan1pness, 1998). S 1 nuclease 
protection carried out using RNA frotn liquid grown cultures has shown that absA 
transcription was growth phase-dependent (Anderson et al., 2001). The absA transcript in 
an abs - mutant was abundant and in a pha tnutant was very low. The phosphorylated 
fonn of AbsA2 is an activator of absAJ and absA2 transcription and a repressor of 
antibiotic production. Alterations in conserved residues involved in phosphorylation of 
either AbsAl or AbsA2 resulted in the pha phenotypes (Anderson et a!., 2001). 
Hyperproduction of actinorhodin and undecylprodigiosin in absA disruptant n1utants has 
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been correlated with the increased expression of pathway specific regulators actll-ORF4 
and redD (Aceti and Chmnpness, 1998). 
Ryding et al., (2002) reported the targets of AbsA syste1n within the cda cluster. 
Ryding et al., used S. coelicolor J1501 (wild-type) and an Abs- 1nutant (C542), which 
does not produce all four types of antibiotics. In C542, absA and a divergently 
transcribing gene encoding an ABC transporter transcripts were activated while s01ne of 
the genes involve in the biosynthesis of the CDA including cdaPSJ were repressed. 
Recently McK.enzie and Nodwell (2007) have repot1ed that AbsA2 binds the 
pron1oter regions of the pathway-specific transcriptional regulators actii-ORF4, cdaR 
and redZ that regulate the biosynthesis of the actinorhodin, CDA and undecylprodigiosin 
respectively. McKenzie and Nodwell (2007) used chromatin itn1nunopreci12itation (ChiP) 
assay to identify the binding sites for AbsA2. S. coelicolor was cultured and treated with 
formaldehyde to cross-linked DNA. Cross-linked DNA was in1munoprecipitated using 
anti-AbsA2 antibodies. Fifteen global regulatory genes and 11 pathway-specific genes 
were analysed by PCR using in1tntu1oprecipitated DNA. PCR products of the act II-
ORF4, cdaR and redZ were selectively enriched as a result of chromatin 
hnmunoprecipitation. 
McKenzie and Nodwell also confinned these interactions in vitro. PCR products 
containing the protnoter regions of the cdaR, actii-ORF4and redZ were used along with 
MBP (tnaltose binding protein) and His6 AbsA2 fusion proteins for electrophoretic gel 
n1obility shift assay. Both unphosphorylated and phosphorylated (in the presence of 
phosphoratnidate) fonns of AbsA2 were able to bind DNA fragments, though 
phosphorylated AbsA2 exhibited strong binding. The exact binding sites were not 
detennined as DNase footprinting experiments were unsuccessful. Four binding sites in 
actll-ORF4 promoter were found to be recognised by AbsA2. 
Mci(enzie and Nodwell also reported that the negative effects of the absA 
n1utation (in C542) on actinorhodin and undecylprodigiosin production were by-passed 
when the natural prmnoters of actll-ORF4 and redZ were replaced with a thiostrepton-
inducible pro1noter and both antibiotics were produced in C542 strain. Their study 
supported the idea that AbsA-P is a negative regulator of these pathway-specific 
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activators and AbsAl controls the phosphorylation state of AbsA2 which in 
phosphorylated fonn, interacts with pathway-specific activator genes of each antibiotic 
cluster to reduce their expression. 
1.3.3 The Afsl(/ AfsR/ AfsS regulatory system 
AfsR is a pleiotropic regulator of antibiotic production in S. coelicolor 
(reviewed by Horinouchi, 2003, 2007). AfsR is a 993 amino acid residue protein whose 
N-terminal portion shows sitnilarity to pathway-specific transcriptional activators, Actii-
ORF4 and RedD. AfsR is phosphorylated by Afsl(, which is a serine-threonine kinase 
(Matsumuto eta!., 1994). The activity of AfsK itself is regulated by a protein KbpA that 
binds the catalytic dotnain of the unphosphorylated fonn of Afsl( and inhibits the 
autophosphorylation of AfsK (Utneymna eta!., 2001). Phosphorylated AfsR binds the 
prmnoter region and activates the transcription of afsS. The phosphorylation of AfsR by 
AfsK. enhances its ability to bind the afsS protnoter (Lee et a!., 2002). Introduction of 
tnultiple copies of afsS enhances the production of actinorhodin and undecylprodigiosin 
by enhancing transcription of actii-ORF4 and redD respectively (Floriano and Bibb, 
1996). An in-fran1e deletion in the afsR gene resulted in the loss of actinorodin and 
undecylprodiginines production and reduction in CDA biosynthesis tmder certain 
nutritional conditions (Floriano and Bibb, 1996). The tnechanistn by which AfsS 
stinullates the transcription of pathway-specific regulators is not known. 
Recently, Tanaka eta!. (2007) have demonstrated that the N-tenninal region of 
AfsR, containing an OmpR-type DNA binding dotnain (the SARP dotnain) binds to the-
35 region of the afsS prmnoter, a target of AfsR. They found that binding of the AfsR to 
the pron1oter region was necessary for RNA polytnerase to initiate the transcription of the 
afsS. Tanaka et a!. suggested that the SARP fan1ily n1e1nbers prestnnably activate 
transcription of their targets by recruiting RNA polytnerase to protnoter regions. 
1.4 Calcium-dependent antibiotic (CDA) 
CDA is an exatnple of non-ribosomally synthesized oligopeptide. CDA inhibits 
the growth of the sensitive organisms only in the presence of calcitnn in the tnediutn 
(Lakey et al., 1983). Chen1ically the CDA tnolecule is an acidic lipopeptide consisting of 
11 mnino acid residues, with a 6-carbon hydroxylated fatty acid moiety at the N-tenninus 
(Figure 1.5; l(etnpter et al., 1997). Structures related to the CDA include acidic 
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lipopeptide antibiotic A54145, dapto1nycin, friulhnicins and mnphon1ycins (Neary et al., 
2007). Many of mnino acid residues found in CDA are unusual because it is synthesized 
non-ribosmnally on a peptide synthetase. CDA 1nolecule contains a nutnber of conserved 
mnino acids, including acidic residues responsible for co-ordination of calciu1n ions, 
which are essential for anthnicrobial activity. 
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Figure 1.5 Structure of CDA and its variants (fro1n Neary eta!., 2007). 
Chong et al. (1998) used a PCR based strategy to clone the cda cluster in S. 
coelicolor. They used synthetic degenerate primers to atnplify the peptide synthetase 
gene in order to identify the cda cluster. They isolated a 88 kb DNA fragment that 
contained all the peptide synthetases-encoding DNA in a 35 kb region. Chong (1998) 
also localised the putative transcriptional activator of the locus, designated cdaR, 
predicted to encode a 638 a1nino acid protein. The cmnpleted S. coelicolor genotne 
sequence project has shown the detailed organisation of the cda cluster (Figure 1.6; 
Bentley et al., 2002). It contains 40 ORFs (SC03210-3249). Among these, three genes 
encoding peptide synthases have been identified: cdaPSJ, cdaPS2, and cdaPS3, all 
contained sequentially in costnid E63. Apart from the positive regulator cdaR, the cda 
cluster also contains a negative global regulator absAJ/A2, which not only regulates CDA 
but also regulates actinorhodin and undecylprodigiosin production (section 1.3.2). 
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Figure 1.6 Gene organization of the CDA biosynthetic cluster (Hojati et al., 2002). 
In-frrune deletions in the cdaR gene in S. coelicolor 2377 and S. coelicolor 
MT111 0 resulted in the loss of the CDA production, providing evidence that CdaR is an 
activator of cda cluster and required for the transcription of the CDA structural genes. 
Mersinias (2004) used DNA tnicroanays to study the effect of the cdaR deletion 
in S. coelicolor and S. lividans and fotuld that 16 genes were under the direct or indirect 
control of the cdaR gene. 
Hojati et al. (2002) used a precursor-directed biosynthesis approach with a 
mutated S. coelicolor strain to produce novel CDA peptides. They used a hmaS deleted 
strain that was tmable to synthesised 4-hydroxytnandelic acid, a precursor synthesised 
during CDA biosynthesis. Exogenous supply of the analogues 4-hydroxynlandelate ( 4-
hydroxyphenylglyoxylate or 4-hydroxyphenylglycine) resulted 111 the directed 
biosynthesis of the novel lipopeptides. Depending on the culttu·e medium used different 
forms of the CDA could be detected. Until now nine isofonns of the CDA have been 
described (Fig. 1.5; Neary et al., 2007). 
The CDA n1olecule belongs to a group of structurally unrelated peptide 
tnolecules that are synthesised non-ribosotnally on specialised enzymes called non-
ribosotnal peptide synthetases (NRPSs) (Marahiel et al., 1997). NRPSs are large 
rnulti:fi.mctional enzymes and consist of an arrangernent of modules. A 111odule is defined 
as a section of the NRPSs polypeptide chain that is responsible for the incorporation of 
one building block (amino acid) into the growing polypeptide chain. The enzymatic units 
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that reside within a tnodule are called don1ains. Each n1odule is involved in recognition 
and activation of a single substrate residue of the final peptide product. The arrangetnent 
of the 1nodules determines the sequence of the peptide and the ntnnbers of n1odules 
detennine the size. Each module contains a tnininunn of two dotnains, the adenylation 
(A) and thiolation (T) dotnain. The cognate mnino acid is recognised by the A dmnain, 
activated as mninoacyl-adenylate and linked to the enzytne by a thioester bond with 4'-
phosphopantetheine ( 4-PP). The condensation (C) dmnain then catalyses a reaction that 
results in peptide bond fonnation between two atnino acids. Modified an1ino acids on 
non-ribosotnally synthesised peptides come frmn the action of additional dotnains. These 
dotnains include N-1nethylation and epimerisation (E) dotnains. Finally the tennination 
of the peptide biosynthesis is catalysed by tenninal enzyn1e of the last n1odule. This 
dmnain is called the thioesterase (TE) dotnain. 
20 
Chapter 1: Introduction 
1.5 Introduction to microarrays 
DNA array tnay be defined as the ordered arrangetnent of ten to hundreds of 
thousands of unique DNA tnolecules (probes) of known sequence. There are two types of 
fonnats, an oligonucleotide probe can be synthesized in situ on a rigid surface or pre-
synthesized oligonucleotides or PCR products can be attached to the array platform. 
In a typical gene expression tnicroarray experitnent tnRNA or total RNA is 
isolated frotn a biological satnple to be tested and converted to eDNA (target) by reverse 
transcription in the presence of fluorescent labelled or radio-labelled nucleotides. RNA 
isolated frotn another source that serves as a control is also reverse transcribed in the 
presence of a different fluorescent-labelled nucleotide. Both eDNA satnples are tnixed 
and hybridised to a DNA or oligonucleotide tnicroarray (probe) and then detected by 
laser scanning (Fig. 1. 7). Hybridisation intensities for each DNA sequence on the array 
are analysed by suitable software to detennine expression patterns and variations that 
correlate with cellular developtnent, physiology and function. 
1.5.1 Pre-synthesised arrays/ spotted arrays 
These arrays can be consist of eDNA, PCR products or long oligonucleotides. 
The arrays containing PCR products were first described by Schena et al. (1995). PCR 
products for microarrays are generated using either co nun on prilners (vector-specific) or 
gene-specific pritners. 
PCR products tnade with conunon pritners are atnplified using vector sequences 
that border each target of interest. This approach allows mnplification of eDNA or 
expressed sequenced tags (ESTs) frotn any library. Gene specific pritners are used to 
runplify ORFs frmn total genmnic DNA (Schena, 2003). Gene specific prhners have been 
used to atnplify all 6,000 ORFs frmn the yeast Saccharomyces cerevisiae (DeRisi et al., 
1997) and 4,290 ORFs frotn E. coli (Tao et al., 1999). Both con1mon and gene specific 
prin1ers work well for tnaking tnicroarrays of genotnic and eDNA sequences, and both 
are widely used. 
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Figure 1. 7 Strategy followed in gene expression tnicroarray experitnents 
The PCR products or long oligonucleotides can be printed on glass slides by 
robotic spotting of small vohunes onto a 25 x 76 x 1 111111 glass slides previously coated 
usually with poly-lysine for electrostatic adsorption of the DNA probes. The robotic 
spotter (tnicroarrayer or anayer) is equipped with a print head carrying a set of fine 
spotting pins. Depending on the pin type and the exact printing technology, 2000 to 
10000 spots ranging in size fron1 500 to 75 tnicrons can be spotted in a 1 ctn2 m·ea. 
Long oligonucleotides of 40-80 nucleotides representing specific gene 
sequences are also etnployed in spotted arrays. In this case the long oligonucleotides are 
22 
Chapter 1: Introduction 
presynthesized and spotted onto slides by mechanical microspotting or ink-jet 
technology. This approach is used by companies such as MWG (www.mwg-
biotech.com) or Operon (https://www.operon.com). 
1.5.2 Oligonucleotides arrays 
Oligonucleotides arrays are of two types depending on the length of the oligonucleotide. 
Short oligonucleotide arrays containing 20-25 bases were developed by Affymetrix 
(www.affymetrix.com). Long oligonucleotide arrays contain oligos of 50-80 bases. The 
synthesis of short oligonucleotides involves photolithographic masking of specific areas 
on the substrate, followed by removal of the mask from a selected region, thereby 
exposing light-sensitive deprotecting groups on the previously coupled monomers to 
ultraviolet light (Pease et al. , 1994, Lipshutz, et al., 1999). When the base is fully 
deprotected and the light turned off, the chip is next flooded with bulk reagent containing 
the next monomer phosphoramidite that can now react. The growing oligonucleotide 
chain is thus extended by one base and the process is repeated (Fig. 1.8). 
-ｾ ＭＭ
Figure 1.8 In situ oligonucleotide synthesis by photolithography (reproduced from 
Venkatasubbarao, 2004 ). 
In situ oligo synthesis can also be performed by maskless technology. Singh-
Gasson et al., (1999) used a digital micromirror to control light directed synthesis of an 
oligonucleotide array. NimbleGen commercialised this technology and uses maskless 
array synthesizers (MAS). The MAS system uses a maskless light projector as a virtual 
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mask instead of the physical chromium masks used by Affymetrix. The virtual mask is 
an addressable aluminum mirrors on a compact chip. The mirror functions as virtual 
masks that reflect the desired patterns of UV light and are controlled by computers (Fig. 
1.9). This system is used to fabricate very high-density microarrays on microscope slides . 
• 
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Figure 1.9 Microarray fabrication based on Maskless Array Synthesizer (reproduced 
from Venkatasubbarao, 2004). 
Febit produces a compact system that includes DNA synthesis, microarray 
fabrication, sample introduction, hybridisation, detection and data analysis in one 
machine (Baum et a/. , 2003). In this approach a digitally controlled light-activated 
synthesis approach is used to fabricate DNA microarrays and eight arrays can be created 
with at least 6,000 oligonucleotides probes per array (Baum eta/. , 2003). 
In situ oligonucleotide synthesis can also be performed by ink-jet printing. 
Agilent produces oligo arrays by using an ink-jet oligonucleotide synthesizer (Hughes et 
a/. , 2001). Hughes eta/. , demonstrated the use of 60-mer oligonucleotide probes for gene 
expression. In this process reactive phosphoramidite monomers are sequentially 
dispensed at discrete locations on a substrate to form oligonucleotides. Agilent' s 
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SurePrint™ Whole Htnnan Gene 1nicroarray slides contain 41,000 eletnents cmnprising 
60-tner probes printed in situ onto l-in. x 3-in. slides. 
1.5.3 Electronic Microarrays 
These arrays are produced by Nanogen, Inc. (http://www.nanogen.con1). These 
are n1icrochip-based hybridisation anays that utilise electric fields to directly affect the 
hybridisation reaction (Sosnowski et al., 1997, Heller et al., 1999, 2002). Microelectronic 
arrays provide high-performance hybridisations that overcmne many of the probletns of 
passive hybridisation. These active n1icroelectronic array devices have the ability to 
produce reconfigurable elech·ic fields ( elecrophoretic fields) on the tnicroarray surface 
that allow rapid and controlled transport of charged DNA/RNA tnolecules to any test 
site. Reversal of the electric field potential on the test site produces an electronic 
stringency effect, which can greatly hnprove hybridisation specificity and ability to 
discriminate point 1nutation and SNPs. Microelectronic arrays have been designed and 
fabricated with 25, 100, 400 and 10,000 test-sites or microlocations (Heller, 2002). 
Figure 1.10 shows electronic array chips with 100, 400 and 10,000 test-sites. The chip 
containing 1 00-test site chip is less than 1 c1n in size, with the active test-site array area 
being approxilnately 2 nun in size. Electronic microanays have been used in 
detennination of point mutations and SNPs and gene expression analysis. 
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C -10,000 Test-Site 
CMOS Microelectronic Array 
Figure 1.10 Electronic microarrays with (A) 100, (B) 400 and (C) 10,000 Test-sites 
(reproduced from Heller, 2002). 
1.5.4 Peptide nucleic acid 
The use of synthetic molecules that mimic DNA as probe has also been 
described (Weiler et a!. 1997). Peptide nucleic acid (PNA) is a synthetic DNA mimic 
that shares many physical properties characteristics of natural DNA molecules (Fig 1.11 ). 
PNAs share the intramolecular distances and the configuration of their natural DNA 
counterparts. PNA can hybridise to eDNA or RNA sequences and have been described to 
possess a better thermal stability among PNA-DNA duplexes compared with DNA-DNA 
equivalents. The use of PNA has been described for detection of unlabelled DNA targets 
(Brandt et al. , 2003). 
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PNA DNA 
Figure 1.11 Structure of peptide nucleic acids (reproduced fro1n Weiler et al., 1997). 
1.6 Applications of micro array tecbnology 
Microarrays have been used in different applications, including gene expression 
n1onitoring, con1parative genmnic hybridization, single nucleotide poly1norphisn1 (SNP) 
identification, resequencing, geno1notyping and ChiP-chip assays. Sotne of the examples 
are given below. 
1.6.1 Gene expression profiling 
Oh et al. (2002) con1pared the gene expression of E. coli grown with acetate and 
glucose as carbon sources. They used eDNA 1nicroarrays containing 4,129 PCR products 
on a glass slide. They found 354 genes were up-regulated (in acetate) and 370 genes were 
down-regulated in acetate grown cultures co1npared with glucose grown cultures.Up-
regulated genes in the acetate grown culture included genes of the glyoxalate pathway, 
tricarboxylic acid cycle, and gluconeogenesis. These genes are responsible for effective 
utilization of acetate for energy generation. Down-regulated genes include those involved 
in cell replication, transcription, and translation. Their study concluded that E. coli 
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cotnmits tnore resources to 1netabolisn1 at the expense of growth when cultured in poor 
carbon source conditions. 
Wilson et al. (1999) used DNA tnicroarray to tnonitor changes in gene 
expression in response to antituberculosis drug isoniazid (INH) in Mycobacterium 
tuberculosis. They used eDNA microarrays representing 3,834 ORFs of M tuberculosis. 
Their results identified a set of induced genes whose products were tnainly involved in 
the tnycolic acid biosynthesis pathway. Those proteins were previously known as the 
targets of INH. Wilson et al. also den1onstrated that introduction of another drug, 
ethionatnide, whose tnode of action is sitnilar to INH, resulted in cultures exhibiting a 
sitnilar expression pattern to INH treated cells. Their study concluded that gene 
expression profiles provide a characteristic signature specific to the cellular processes 
that are affected by the com pound. 
Wodicka et al. (1997) used high-density oligonucleotide arrays to tnonitor 
differences in gene expression under rich and n1inin1al tnedia con1position in S. 
cerevisiae. A cmnparison of rich and minitnal n1edia revealed 36 tnRNA tnolecules were 
tnore abundant in rich tnedia, while 140 transcripts were 1nore abundant in 1ninilnal 
n1edia. They concluded that only a small nutnber (less than 3%) of genes were found 
differentially regulated. They also fotn1d that the copy ntunber of mRNA per cell was 
very sitnilar in cells grown in rich and n1initnaltnedia. 
Arfin et al. (2000) used nylon tnetnbrane arrays spotted with all 4,290 ORFs of 
E. coli !(12 to tneasure the gene expression profiles of integration host factor (JHFt and 
IHF- strains. For eDNA preparation they used 4,290 unique 25-base pair oligonucleotide 
primers specific for the 3' end of each E. coli ORF for prin1er directed synthesis of a 33P-
labeled eDNA probes. They found that the gene specific primers had a significant under-
representation of about 30% of mRNA when cotnpared to the use of randmn hexatners. 
They concluded that randmn hexatner pritning for eDNA probe synthesis was required 
for the acctu·ate tneasuretnent of gene expression levels in bacteria. 
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1.6.2 Global binding sites of regulatory proteins (ChiP-on-chip assay) 
This method directly exmnines the interaction between transcription factors and 
their target sites in the geno1ne. This technique cmnbines a conventional chrmnatin 
in1n1unoprecipitation protocol with DNA 1nicroarray teclu1ology to detennine the geno1ne 
regions that a DNA binding protein recognizes in vivo. In this teclu1ique, cells are grown 
under the desired experimental conditions and then fixed with forn1aldehyde, which 
results in the cross linking of proteins that are bound to DNA (Fig 1.12). Cells are then 
dis1upted by sonication that results in the fragtnentation of DNA. The DNA fragtnents, 
cross-linked to a protein of interest, are em·icl1ed by a specific antibodies raised against 
the protein of interest. After reversal of cross-links, the em·iched DNA is an1plified and 
labelled with a fluorescent dye with the use of ligation-1nediated polytnerase chain 
reaction (LM-PCR). A satnple of DNA that is not etu·iched by itntnunoprecipitation is 
also subjected to LM-PCR in the presence of a different fluorophore. Both 
itntnunoprecipitation (IP)-em·iched a11d IP-tmem·iched pools of labelled DNA are 
hybridised to DNA tnicroarrays containing intergenic sequences. The results of the 
hybridisation allow one to identify which segtnents of the genmne were enriched in IP. 
Ren et al., (2000) used this teclmique to localise the binding sites of the yeast 
transcription factor Gal4. This protein controls the expression of the proteins involved in 
the change in carbon source in Saccharomyces cerevisiae. They repmted the 
identification often genes whose prmnoter regions were bound by Gal4 (p value<O.OOl). 
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Of these ten genes, three were novel and identified by that study. 
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Figure 1.12 ChiP-chip (a) Types of DNA used in ChiP-chip. Oligonucleotides tiling 
genomic regions (left); PCR-amplified genomic regions (right) (b) ChiP-chip 
experimental design (reproduced from Bulyk, 2006). 
1.6.3 Comparative genomic hybridisation 
Another application of DNA microarrays technology is to analyse genormc 
alterations such as sequence differences and single nucleotide polymorphism (SNP). 
This technique can be used to detect differences in sequences or genes between 
pathogenic and non-pathogenic strains of the same species. 
Behr eta/. (1999) used microarrays to compare several Mycobacterium bovis 
vaccine strains with a pathogenic strain. They used a DNA microarray representing 3,902 
ORFs of M tuberculosis H37Rv strain. They found that five regions representing 38 
open reading frames were present in M bovis but absent from some or all of the BCG 
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(bacille Calmette-Guerin) strains. These deletions are possibly thought to be responsible 
for the variable effectiveness of the BCG vaccine seen worldwide. 
Weaver et al. (2004) used microarrays and cmnpared the genotnes of several 
widely used laboratory derivatives of S. coelicolor A3(2). They used DNA tnicroarrays 
representing 97% of the predicted genes in S. coelicolor. They used the sequenced strain 
M145 as reference and cotnpared several strains cmntnonly used in laboratories. Weaver 
et al. found that three of the tested strains had 1.06 Mb L-TIRs (long-tenninal inverted 
repeats) sequences at their tennini. These strains were S. coelicolor A3(2), M600 and 
Jl501. These L-TIRs were 50 thnes the length of the 22 kb TIRs of the sequenced S. 
coelicolor strain Ml45. The presence of these L-TIRs in those strains contained 1005 
annotated genes and increased the overall chron1osmne size to 9.7 Mb. They also found 
that UV radiation was found to sthnulate L-TIR truncation. 
1.6.4 Gene expression profiling in Streptonzyces coelicolor 
Bucca et a!. (2003) used PCR products printed arrays representing ORFs of S. 
coelicolor to study the HspR regulon. HspR is an autoregulatory repressor protein that 
regulates the expression of the dnaK operon in the presence or absence of heat shock. 
Their microarray data revealed 17 genes up-regulated at least two-fold in the hspR 
mutant. Seven of those were known metnbers of the HspR regulon; other than the genes 
in the dnaK operon (5' dnaK, dnaJ, grpE and hspR). These include the ClpB chaperone 
and Lon protease encoding genes and the retnaining ten are thought to be up-regulated in 
the HspR tnutant as an indirect consequence of over expressing the DnaK chaperone 
n1achine (Dnai<., DnaJ and GrpE). 
Global gene expression was tnonitored in S. coelicolor grown on tnodified 
liquid R5 tneditun (Huang et al., 2001). RNA was isolated frmn different tin1e points of 
growth and hybridised onto glass sides containing PCR products of 4,960 ORFs. They 
reported that transcription of about 200 genes was changed during the vegetative phase of 
growth. Most of the genes of the antibiotic biosynthetic pathways were found up-
regulated during and after transition fron1 prin1ary to secondary 1netabolisn1. Huang et al. 
also repotted the down-regulation of genes encoding ribosotnal proteins dtu·ing and after 
transition phase of the growth. Their data also defined the botmdaries of the cda gene 
cluster by hierarchical clustering and it was found to extend for 83 kb frmn SCE8.03 to 
SCE29 .18c, containing 40 putative ORFs. 
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Huang et al. also identified distant ORFs whose expression was tetnporally 
coordinated with the act and red loci. They designated those genes as eca Ｈｾｸｰｲ･ｳｳｩｯｮ＠
Qoordinated with _get) and ecr Ｈｾｸｰｲ･ｳｳｩｯｮ＠ Qoordinated with red) genes. 
In another study I<aroonuthaisiri et al. (2005) perfonned DNA n1icroanay 
experitnents fro1n RNA isolated frmn liquid cultures in different growth conditions. They 
observed that dlu·ing vegetative growth either on rich medium or suppletnented tninilnal 
n1edhun, S. coelicolor expressed 1nany genes involved in growth and priinary 
n1etabolistn cotnpared to genes involved in regulation. Interestingly, sitnilar expression 
pattern was observed for both rich and tninitnal 1nediun1. Karoonuthaisiri et al. also 
reported the expression of eight putative and known gene clusters involved in secondary 
tnetabolite production in stationary phase. Their study showed that genes repressed 
during stationary phase had chrotnosmnal positions in the core region whereas induced 
genes had positions in both the chromosmne core and ann regions. 
Huang et al. (2005) investigated the role of cluster-situated regulators (CSRs) in 
the regulation of different antibiotics by tnicroarray analysis. They individually placed 
cdaR, actii-ORF4, redD and redZ under the control of the tipA protnoter and introduced 
then1 into aS. coelicolor (absB+) and an absB tnutant. The absB 1nutants were unable to 
produced any antibiotics in S. coelicolor. They con1pared gene expression between 
absB+ and absB- strains that constitutively expressed cdaR, actii-ORF4, redD or redZ 
fron1 tipA pro1noter through out the growth-cycle. They observed that constitutive 
expression of CSRs resulted in not only an abundance of transcripts in their respective 
biosynthetic clusters but also affected the expression of the other gene clusters. For 
exatnple in the Red cluster, the gene redZ was shown to regulate the production of all 
known antibiotics of S. coelicolor. Induction of redZ resulted in the transiently increased 
expression of the cda, red and act clusters either in presence or absence of expression of 
absB. Deletion of redZ abolished Red expression and delayed expression of actinorhodin, 
CDA and a type I polyketide (Huang et al., 2005) 
1. 7 Aims of this study 
The tnain aitn of this study is to understand the role of the absAJ and absA2 
genes in the regulation of antibiotic biosynthesis in S. coelicolor by DNA tnicroanay 
analysis. In order to define the role of the AbsA system and for transcriptmnic analysis it 
was necessary to create in-fratne deletions in S. coelicolor. The absAJA2 genes are 
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located in the cda cluster where another transcriptional regulators cdaR is also located. 
To understand the role of the AbsA systen1 and its possible interaction with CdaR, a 
strain lacking active CdaR was also used to generate the absAJA2 deletion. The absAJA2 
deletions were also 1nade in S. lividans 1326 that is a close relative of S. coelicolor. The 
following are the main objectives of this study: 
1- Generation of an in-fratne deletion of the absAJA2 operon in S. coelicolor, S. 
coelicolor11cdaR and S. lividans 1326. 
2- Phenotypic analyses of wild-type and absA tnutants of S. coelicolor, S. 
coelicolor11cdaR and S. lividans 1326 on different tnedia. 
3- RNA isolation fron1 surface-grown cultures of wild-type and flabsAJA2 n1utants 
of S. coelicolor at different thne-points for global gene expression analysis. 
4- Identification of differentially expressed genes in MT111 0 wild-type and 
11absAJA2 at different thne-points. 
5- Identification of the genes that are involved in precocious increased production of 
antibiotics in absA mutants. 
6- Role of absAJA2 in the regulation of known and putative clusters involved in 
contingent metabolite production. 
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Chapter 2: Materials and Methods 
2.1 Bacterial strains 
Bacterial strains used in this study are shown in Table 2.1. 
Table 2.1 Bacterial strains used in this work. 
Strain Genotype/plasmid status I Reference/comments 
Derivatives of Streptonzvces coelicolor A3(2) 
M145 prototrophic SCPl- SCP2- Kieser et al. (2000) 
MT1110 prototrophic SCP 1- SCP2- C. Frazer (personal 
communication) 
MT111 011cdaRJ-5 11cdaR SCP 1- SCP2- Hayes, 2001 
MT111011absAJA2- SCP1- SCP2-11absAJA2 (clone 6) This work, Section 
AW601 3.2 
MTI11011absA2-AW612 SCP1- SCP2-11absA2 (clone 1) This work, Section 
3.3 
MT111 011cdaRabsAJA2- SCPI- SCP2-11cdaRabsAJA2 (clone 1) This work, Section 
AW701 3.2 
MT111 0!1cdaRabsAJA2- SCP1- SCP2-11cdaRabsAJA2 (clone 7) This work, Section 
AW707 3.2 
MT111 011cdaRabsAJA2- SCPl-'SCP2-11cdaRabsAJA2 (clone 11) This work, Section 
AW711 3.2 
MT111 011cdaRabsAJ- SCPr SCP2-11cdaRabsAJ (clone 4) This work, Section 
AW714 3.1 
Derivatives of Streptonzyces lividaus 66 
1326 prototrophic SLP2+ SCP3+ Lomovskaya et al. 
(1972) 
I32611absAJA2-A W801 SLP2+ SLP3+ 11absAJA2 (clone 1) This work, Section 
3.2 
132611absAJA2-A W803 SLP2+ SLP3+ 11absAJA2 (clone 3) This work, Section 
3.2 
132611absA1-AW811 SLP2+ SLP3+ 11absAJ (clone 1) This work, Section 
3.1 
132611absAJ-A W813 SLP2+ SLP3+ 11absAJ (clone 3) This work, Section 
3.1 
132611absAJ-A W814 SLP2+ SLP3+ 11absAJ (clone 4) This work, Section 
3.1 
132611absAJ-A W815 SLP2+ SLP3+ 11absAJ (clone 5) This work, Section 
3.1 
Derivatives of Escllericllia coli 
XLI-Blue supY lac- hsd R17 recAJ F' proAB+ lacJCf Bullock et al. (1987) 
lacZ t1M15 
ET12567 F dam-13::Tn9 dcm-6 hsdM hsdR MacNeil et al. (1992) 
recF143 zjj-202::Tnl0 rspL136 
Other strains 
Micrococcus luteus prototrophic B. Rudd (personal 
communication) 
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2.2 Plasmids 
The plasn1ids used in this work are detailed in Table 2.2. 
Table 2.2 Plasn1ids used in this study. 
Plasmid (size) Details (antibiotic Reference or Figure 
resistance) 
pKC1132 (3410 bp) Suicide vector for Biennan et al. (1992) 
Streptomyces containing Figure 3.2 
oriT RK2 for conjugation 
fro1n E. coli to 
Streptomyces ( aprmnycin) 
pAW11 (5416 bp) Canies the 2030 bp Figtu·e 3.2 
absAl up mnplicon cloned 
at Xbai-EcoRI sites of 
pKC1132 (apramycin) 
pAW13 (7400 bp) The absAl deletion Figure 3.2 
construct. A 1986 bp absAl 
upstrean1 flanking region 
cloned in pAW 11 at Xbal-
Hindiii sites (aprmnycin) 
pAW40 (6907 bp) The absAJA2 deletion Figure 3.7 
construct. Carries a 1503 bp 
absA2 downstrean1 flanking 
region cloned at Xbal-
Hindiii sites (aprmnycin) 
pAW3 (5143 bp) Carries the 1757 bp absA2 Figure 3.10 
uptrean1 flanking region 
cloned at Xbai-EcoRI sites 
ofpKC1132 (aprmnycin) 
pA W33 (6634 bp) The absA2 deletion Figure 3.10 
construct. Carries the 1503 
bp absA2 downstren1 
flanking region cloned at 
Xbal w Hindiii sites 
( aprmn ycin) 
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2.3 Oligonucleotides 
The oligonucleotides used in this work are detailed in Table 2.3. 
Table 2.3 Oligonucleotides used in this work. 
Oligonucleotides Sequence (5' to 3') Section/Figure 
absA 1 up forward AGAATTCGGGCCCACAGCAGGAGGACCA Section 3.1.1 
absA 1 up reverse AATCTAGACGGCCGCGATGAGCAGACAC Section 3.1.1 
absA1down AATCTAGAGGCTGTGCTTCAAGGATGATGT Section 3.1.1 
forward 
absA1down ATAAAGCTTCCTGCACCCCAGCCTGTC Section 3.1.1 
reverse 
absA2up forward AGAATTCTCTTGTAGCGTGCTGGAATG Section 3.3.1 
absA2up reverse AATCTAGAGAATCATCCGATCCTTCCCT Section 3.3.1 
absA2down AATCTAGAAGGCGGGACTGGTGAAGGA Section 3.3.1 
forward 
absA2down AAAAAGCTTGCGGACACGATGGTGCTC Section 3.3.1 
reverse 
AldeldetAF GATACGGCTCCACCACCTT Figure 3.3 
A1deldetAR GCCATGAGGACATCATCCTT Figure 3.3 
A1deldetBF GAATCGAATCGCTTGTACGG Figure 3.3 
A1deldetBR AGACAGGAGCCACGGATG Figure 3.3 
A2deldetAF AAAGTCACGTCCTCAACGCT Figure 3.11 
A2deldetAR AAGATCGGCGTCATCTGGAC Figure 3.11 
A2deldetBF GAGCGCCGGATCAAGAAG Figure 3.11 
A2deldetBR CTCACCCTGCTGACCGAG Figure 3.11 
A 1A2deldetAF CCCTTATCGCACCGGTATC Figure 3.8 
A 1A2deldetAR GGCGTCTAACGGTTGAGGT Figure 3.8 
A1A2deldetBF TCTTGTAGCGTGCTGGAATG Figure 3.8 
A1A2deldetBR CCTGCTGACCGAGGACTTC Figure 3.8 
2.4 Antibiotics 
Growth media were suppletnented with antibiotics as described in Table 2.4. All 
antibiotics were purchased fi·on1 Sigma. Stock solutions were stored at -20 °C. 
Table 2.4 Antibiotic concentrations for selecting resistant strains. 
Antibiotic Stocl\: solution (mg/ml) Final concentration 
(j.tg/ml) 
Atnpicillina 100 100 
Apramycina 100 100 
Tetracycline 15 10 
Chloramphenicolc 25 25 
Thiostrepton 50 50 
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Key: 
a Stock solution prepared in H20 and filter sterilized 
b Stock solution prepared in 50% ethanol 
c Stock solution prepared in ethanol 
d Stock solution prepared in DMSO 
2.5 Culture media 
Media cotnponents were obtained frotn Difco and Oxoid. Media, solutions and 
glassware were sterilized by autoclaving at 121 °C, 15 psi for 15 tnin. Filter sterilization, 
when required, was performed using a 0.45 J-tln filter (Millipore ). 
2.5.1 Media used for growing E. coli 
Luria-Bertani (LB)broth 
Difco Bacto tryptone 
Difco yeast extract 
NaCl 
dH20 
LB agar 
10 g 
5g 
10 g 
to 1 litre 
As LB with the addition of 10 g/1 Difco Bacto agar 
2.5.2 Media used for growing Streptomyces 
Mannitol Soya flour (MS) agar (Kieser eta!., 2000) 
Mrumitol 20 g 
Soya flour 20 g 
Tap water tolOOO tnl 
Yeast extract-malt medium (YEME) (Kieser eta!., 2000) 
Difco yeast extract 3 g 
Difco Bacto peptone 5 g 
Oxoid malt extract 1 0 g 
Glucose 10 g 
Sucrose 340 g 
dH20 to 1000 tnl 
After autoclaving the following was added: 
MgCh.6H20 (2.5 M) 2 tnl (5 mM final) 
For preparing protoplast also added: 
20% Glycine 25 ml (0.5% final) 
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Oxoid Nutrient Agar (ONA) 
ONA (Oxoid) 28 g 
dH20 to 1 000 tnl 
Oxoid Nutrient Broth (ONB) 
ONB (Oxoid) 13 g 
dH20 to 1000 n11 
Soft Oxoid Nutrient agar (SNA) 
Oxoid nutrient broth powder 8 g 
Oxoid agar 5 g 
dH20 to 1000 tnl 
Autoclaved to dissolve agar. Dispensed in 40 tnl aliquots and re-sterilised by autoclaving. 
R2YE agar (I(ieser eta!., 2000) 
Sucrose 1 03 g 
K2S04 0.25 g 
MgCh.6H20 10.12 g 
Glucose 10 g 
Difco Cassatninoacids 0.1 g 
dH20 to 800 1111 
Aliquot 80 1111 of the solution in a flask containing 2.2 g Difco Bacto agar and autoclaved. 
At the tii11e of use following pre-sterilised solutions were added to each aliquot in order: 
lili2P04 (0.5%) 
CaCh.2H20 (3.68%) 
L-proline (20%) 
TES buffer (5.73%, pH 7.2) 
*Trace e1e111ent solution 
NaOH (ION) 
Difco yeast extract ( 1 0%) 
*Trace elen1ent solution (per liter) 
ZnCh 40 1ng 
FeCb.6H20 200 1ng 
CuCh.2 H20 10 mg 
MnChAH20 10 1ng 
Na2B407.10H20 10 n1g 
(NH4)6Mo1024.4H20 10 tng 
1 1111 
8 1111 
1.5 1nl 
10 m1 
0.2 ml 
50 ｾＱ＠
5tnl 
Supplemented minimal medium solid (SMMS) (Kieser eta!., 2000) 
Difco Casatninoacids 2 g 
TES buffer 5.73 g 
Lab Magar 10 g 
dH20 to 1000 n1l 
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The pH was adjusted to 7.2 with 10 N NaOH 
The media was autoclaved in 200 ml aliquots. At the ti111e of use, the following sterilised 
solutions were added to each aliquot: 
50 111M NaH2P04 + 50 111M K2HP04 
MgS04 (1M) 
Glucose (50% w/v) 
*Trace ele111ents solution 
2 1111 ( 1 111M final) 
11111 (5 111M final) 
3.61111 (50 mM final) 
0.21111 
*Trace element solution: 0.1 g/L each of ZnS04. 7H20, FeS04. ?H20, MnCh.4H20, 
CaCh.6H20 and NaCl. Filter sterilized. No tnore than a 111onth old. Stored at 4 °C. 
2 x YT mediutn (DYT) 
Difco Bacto tryptone 
Difco Bacto yeast extract 
NaCl 
16 g 
10 g 
5g 
to 1000 tnl dH20 
R2YE liquid (ICieser et al., 2000) 
Sucrose 103 g 
K2S04 0.25 g 
MgCh.6H20 10.12 g 
Glucose 10 g 
Difco Casat11inoacids 0.1 g 
dH20 to 800 1111 
Aliquots of 80 ml were tnade in 10 flasks. Autoclaved and at the tii11e of use, the 
following solutions were added to each aliquot in order: 
ICH2P04 (0.5 %) 
CaCh.2H20 (3.68 %) 
L-proline (20 %) 
TES buffer (5.73 %) 
Trace elen1ent solution 0.2 1111 
NaOH (1 0 N) 50 ｾｴｬ＠
Difco yeast extract (10 %) 5 ml 
R5 agar (I(ieser et al., 2000) 
Sucrose 
K2S04 
MgCh.6H20 
Glucose 
Difco Casaminoacids 
103 g 
0.25 g 
10.12 g 
10 g 
0.10 g 
11111 
8 ml 
1.5 1111 
101111 
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400 tnl aliquots were 111ade containing 2.2 % Difco Bacto agar and autoclaved. Prior to 
use, the following was added to each aliquot: 
K.H2P04 (0.5%) 
CaCh.2H20 
L-proline (20 %w/v) 
NaOH (ION) 
* Satne as used in R2YE 
41nl 
1.6 1111 
6ml 
0.2 nll 
SpMR agar (Babcock and Kendrick, 1988) 
Sucrose 1 03 g 
MgCh 10 g 
Glucose 5 g 
Difco yeast extract 5 g 
TES (1 M) pH 7.6 20 1111 
*Trace eletnent solution 2 1111 
Difco Bacto agar 22 g 
After autoclaving, the following was added: 
CaCb (5 M) 2 1111 
* Sat11e as used in R2YE 
2.6 Culture conditions and strain maintenance 
2.6.1 E.coli 
E. coli cultures were grown at 3 7 °C, on both liquid and solid n1edia. Routinely, 
the liquid cultures were grown in Erlenmeyer flasks on a shaker (200 rp1n) for 16 to 20 h. 
The broth vohune was one fifth of the flask volume. Strains were stored suspended in 20 
% glycerol at -80 °C. 
2.6.2 Streptonzyces 
S. coelicolor and S. lividans cultures were grown at 30 °C on both solid and liquid 
1nedia. The liquid culttu·es were grown in pre-autoclaved Erlenmeyer flasks containing 
stainless steel springs (Alliance Spring Co. London, Y2" dian1., 6 turns per inch). The 
broth volume was at n1ost one fifth of the vohune of the flask and the cultures were 
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incubated on a rotary shaker at 200 rptn for 36-40 h. Strains were stored as spore 
suspensions in 20 % glycerol at -20 °C. 
Streptomyces spore suspensions were prepared as described in Kieser et al. 
(2000). Streptomyces was grown on MS agar for sporulation for 5-7 days. 1 0 1111 of the 
sterile dH20 was pi petted onto the surface of a sporulated plate. The spores were scraped 
off the agar using a sterile inoculating loop. The water containing the spores was 
transferred to a sterile Universal bottle, vortexed and passed through cotton wool plugs. 
The filtered spores were pelleted by centrifugation ( 4000 rpm, 10 min) and the spores 
were resuspended in 0.5-1 1nl of 20 % glycerol to give approxhnately 1010 spores!tnl. 
Spore suspensions were stored at -20 °C. 
2. 7 Streptomyces growth curve - solid media 
(a) Pregennination of Streptomyces spores 
50 J..Ll of a dense spore suspension was used to inoculate 50 1nl of DYT in a 250 
ml Erlenmeyer flask containing a spring. After incubation at 30 °C with shaking at 200 
rp1n for 1 0-12 h, the genninated spores were harvested by centrifugation at 3 000 rptn for 
10 1nin. The pellet was resuspended in 5 ml of sterile dH20 and placed in a sonic water 
bath for 10 tnin. The OD4so of 1 1nl was 1neasured. An OD4so of 0.1 corresponds to .-.-4 x 
106 genn tubes per ml. Based on the OD450 reading, the required volume for N 
genninated spores (gs) was calculated as: 
V ＨｾｬＩ＠ =Ngs x 0.04 x 1000 J..Ll I 1nl 
OD4so x (4 x 106)gs I ml 
For gene expression studies 3 x106 genn tubes were inoculated onto each R2YE 
plate, which had been overlaid with cellophane discs. Cellophane discs (diameter 100 
1nn1) were prepared by boiling in dH20 for 10 1nin, discarding the water and repeating. 
The twice-boiled cellophane discs were then autoclaved in fresh dH20 before placing on 
the surface of the agar plates. 
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(b) Growth curve 
3x 106 germinated spores were inoculated on cellophane overlaid plates of ONA 
or R2YE. Plates were incubated at 30 °C and mycelia were harvested at different ti111e 
points. To detetmine the a111ount of the growth the dry weight was measured. Mycelia 
was scraped off the plate and transfened on an acctu·ately pre-weighed glass slide. The 
slide was heated in a 111icrowave oven for 1 0 tnin on full power and reweighed. The 
difference between the two tneasure111ents was recorded as the dry weight of the n1ycelia 
at that time point. At each tit11e point three plates were harvested and the dry weight 
values used to calculate an average value. 
2.8 Streptomyces growth curve - liquid media 
50 J..tl of dense spore suspension was used to inoculate 30 1111 of liquid R2YE 
111edium in a 250 1111 Erletu11eyer flask containing a spring. The flask was incubated at 30 
°C shaking at 200 rp111 for 18-20 h. The resulting growth was divided in tlll'ee parts ( --9 
ml) and used to inoculate 3, 1 L flasks each containing 130 tnlliquid R2YE mediu111. All 
these flasks were incubated at 30 °C shaking at 200 rp111. At different tilne points 15 ml 
of culture was removed for pig111ented antibiotics 111easure111ent and growth curve 
detetmination. 
Growth curve 
What111an filter papers (0.2 J..tm) were dried by heating in the tnicrowave at full 
power twice. These filters were stored under vacuu111 in a dessicator for 24 h. Dessicated 
filters were weighed on an electronic balance and placed in a petri dish. To determine the 
dry cell weight of the 111yceliutn 5 1111 of the growth was passed tlu·ough the filter on a 
filter asse111bly under vacuu111. Deposited bio111ass on filter paper was rinsed with water 
and dried in111icrowave at full power. Dried filters were cooled under dessication for 24 
hand re-weighed. The difference in weight was noted. For each ti111e point 3 readings 
were taken and the average value calculated. 
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2.9 General buffers and reagents 
TSS buffer (for co1npetent cells) 
LB 42.5 n1l 
PEG (MW 4000) 5 g 
DMSO 2.5tnl 
MgCh (2.5 M) 2.5 J.!l 
dH20 to 50 n1l 
The pH was adjusted to 6.5. This solution was autoclaved and stored at 4 °C. 
Alkaline lysis protocol solution I 
Glucose 50 mM 
Tris-HCl (pH 8.0) 25 111M 
EDTA (pH 8.0) 10 n1M 
This solution was autoclaved and stored at 4 °C. 
All{aline lysis protocol solution II 
NaOH 0.2M 
SDS 1% 
This solution was freshly prepared iinmediately 
Alkaline lysis protocol solution III 
Potassiu1n acetate (5 M) 60 ml 
Glacial acetic acid 11.5 ml 
dH20 28.5 n1l 
This solution was not autoclaved and stored at 4 °C. 
Phenol/chloroform (pH 8.0) 
Phenol/chlorofonn (pH 8.0) consists of a ratio of the following: 
Buffered phenol: chloroform: isoamyl alcohol 
25 24 1 v/v 
3M Sodium acetate (pH 6.0) 
Soditun acetate 123.05 g 
dH20 to 500 ml 
70% Ethanol 
Ethanol 70 ml 
dH20 30 ml 
TE buffer (pH 8.0) 
Tris-HCl 1 M (pH 8.0) 10 1nl 
EDTA (0.5 M adjusted to pH 8.0) 2 ml 
dH20 to 1000 ml 
Autoclaved and stored at roon1 tetnperature. 
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5 x TBE electrophoresis buffer 
Tris base 54 g 
Boric acid 27.5 g 
EDTA 4.65 g 
dH20 to 1000 1nl 
0.8 % agarose 
Agarose (Difco) 
TBE 
3.2 g 
400 tnl 
Boiled and allowed to cool, then 20 ｾｴｬ＠ of ethidiu1n bromide (1 0 tng/ml ) added. 
This solution was stored at 60 °C. 
5 x Orange G loading buffer 
Sucrose 5 g 
Orange G dye 0.1 g 
EDTA (0.5 M) 0.11nl 
dH20 to 1 0 1111 
Ethidium bromide 
10 Ingh11l in dH20 
2 x Kirby mixture 
Sodiu1n tri-isopropylnapthalene sulphonate 
Sodiun1 4-anlino-salicylate 
2g 
12 g 
5 1111 
6ml 
to 100 ml 
Tris-HCl (2M adjusted to pH 8.0) 
Phenol (buffered at pH 8.0) 
dH20 
RNaseA 
RNase A (Roche) was dissolved at a concentration of 10 mg/ml in 10 111M Tris-HCl (pH 
7.5) and 15 tnM NaCI. The solution was boiled for 15 min to inactivate DNase and 
allowed to cool slowly before storing at -20 °C. 
P buffer 
Sucrose 
K2S04 
MgCh.6H20 
Trace element solution 
dH20 
103 g 
0.25 g 
2.02 g 
2 n1l (as used in R2YE) 
to 800 tnl 
This solution was dispensed into 80 ml aliquots and autoclaved. Prior to use the 
following were added, to each 80 tnl aliquot in order: 
ltnl 
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eaeb.2H20 (3.68%) 
TES buffer (5.73% w/v, adjusted to pH 7.2) 
20 x sse 
Nael 
Tri sodium citrate 
dH20 
175.32 g 
88.23 g 
to 1 litre 
50 x T AE electrophoresis buffer 
Tris base 242 g 
Glacial acetic acid 57 .1tnl 
EDTA (0.5 M, pH 8.0) 100 1111 
dH20 to 1000 tnl 
Lysozyme solution 
Sucrose 0.3 M 
Tris 25tnM 
EDTA 25tnM 
101111 
10 tnl 
Autoclaved and stored at ro01n tetnperature. Before use the following was added: 
lysozytne 2 mg/ml 
Stored at -20 oe 
Denaturation solution (Southern hybridisation) 
1.5 MNaei 
0.5 MNaOH 
Neutralisation solution 
1M Tris (pH 7.4) 
1.5 MNael 
pH adjusted to 7.4 with concentrated Hel 
Hybridisation solution 
10 x sse 
2 x SSe, 0.1% SDS 
o.5 x sse, 0.1 % sns 
Buffers used for the immunological detection of hybridisation reaction 
Washing buffer 
This buffer was used for washing nitrocellulose metnbrane. 
0.1 M Maleic acid 11.6 g 
0.15 MNaei 8.7 g 
Tween 20 (0.3% v/v) 3 tnl 
dH20 to 1 000 tnl 
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pH adjusted to 7.5 
Autocalved and stored at roo1n te1nperature. 
Maleic acid buffer 
This buffer was used for dilution of the blocking solution. 
0.1 M Maleic acid 11.6 g/1 
0.15 MNaCl 8.7 g/1 
dH20 to 1000 tnl 
pH adjusted to 7.5 with solid NaOH 
Autoclaved and stored at rootn tetnperature. 
Detection buffer 
0.1 M Tris-HCI 121.1 g 
0.1 M NaCI 5.85 g 
pH adjusted to 9.5 with concentrated HCl 
Autoclaved and stored at room te1nperattu·e 
Solutions for eDNA and genomic DNA (gDNA) labelling 
dNTP stock for eDNA 
100 tnM dA TP 25 ｾｴｬ＠ (25 111M final) 
I 00 111M dGTP 25 !J.l (25 tnM final) 
100 111M dTTP 25 J.!l (25 tnM final) 
100 tnM dCTP 10 J.!l (25 mM final) 
RNase-free H20 to 100 j..tl 
Prepared with RNase-free tips. Stored in RNase-free Eppendorftube at -20 °C. 
dNTP stock for gDNA 
100 tnM dATP 5 ｾｴｬ＠ (5 tnM final) 
100 tnM dGTP 5 ｾｴｬ＠ (5 111M final) 
1 00 111M dTTP 5 ｾｴｬ＠ ( 5 tnM final) 
100 mM dCTP 2 ｾｴｬ＠ (2 tnM final) 
ddH20 to 1 00 ｾｌｬ＠
Stored at -20 °C. 
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2.10 DNA isolation 
2.10.1 E. coli small scale plasmid preparation 
E.coli DNA was isolated using the alkaline lysis tnethod described by Birnboin1 
and Daly (1979). Single colonies were tooth picked into 3 tnl of LB containing the 
appropriate antibiotic and grown overnight at 37 °C with shaking. The cultures were then 
spun at 13 000 rptn for 5 tnin at rootn tetnperature. The supernatant was retnoved and the 
cell pellet resuspended in 100 ｾｴｬ＠ of ice-cold alkaline lysis solution I by vot1exing, 
subsequently 200 ｾｌｬ＠ of alkaline lysis solution II was added and tnixed by inversion. This 
was followed by addition of 150 ｾｴｬ＠ of ice-cold alkaline lysis solution III and gentle 
vortexing for 1 0 s and incubation on ice for 5 tnin. The supernatant was harvested after 
centrifhgation at 13 000 rptn for 5 tnin at roon1 ten1perature. The supernatant was 
transferred to a fresh Eppendorftube and an equal vohune ofphenol/chlorofonn (pH 8.0) 
was added, tnixed and subjected to centrifugation at 13 000 rptn for 5 tnin at roon1 
ten1perattu·e. The aqueous layer was transferred to a fresh 1.5 n1l Eppendorf tube. The 
DNA was precipitated by adding 0.1 val of 3 M sodiun1 acetate (pH 6.0) and an equal 
vohune of isopropanol. Fallowing a 1 0 min incubation at rootn temperature, the tnixture 
was subjected to centrifugation for 15 n1in at 13 000 rptn to pellet the DNA. The pellet 
was washed with 70% ethanol and then dissolved in 50 ｾＱ＠ TE buffer and stored at -20 
oc. 
2.10.2 E. coli large scale plasmid preparation 
The large scale isolation of plasmid from E. coli was perfonned using the 
QIAGEN Tip-1 00 cotnmercial kit, following the protocol in the supplier's handbook. 
2.10.3 Isolation of plasmid DNA from Strepto1nyces 
Plastnid DNA fron1 Streptomyces was isolated by using the QIAGEN Tip-1 00 kit 
with son1e tnodifications. A 1 litre flask, containing a spring, was inoculated with 100 tnl 
YEME, antibiotic selection and approxin1ately 108 spores and incubated for 40-45 h at 30 
°C with shaking. The n1ycelia were harvested by centrifugation at 4000 rpn1 for 15 min at 
rootn temperature. The pellet was washed twice with 10.3 % sucrose then frozen at -20 
°C. After thawing, the pellet was resuspended in 4 tnl QIAGEN buffer PI containing 3 
tng/n1l lysozytne and incubated at 3 7 °C for 30 tnin. The DNA isolation procedure was 
then followed according to the manufacturers protocol. At the end of the procedure a 
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phenol/chloroforn1 (pH 8) extraction was done to re111ove nucleases, which are not 
removed by QIAGEN preparation. 
2.10.4 Streptomyces DNA isolation (Kieser et al., 2000) 
Spores were used to inoculate 25 ml of YEME tneditn11 supplemented with 0.5 
%glycine and incubated for ca 40 hat 30 °C. Mycelia was harvested by centrifugation at 
4000 rp111 for 10 111in. The supernatant was discarded and the cell pellet was washed 
twice in 10.3 %sucrose and spun down as above. The n1ycelia was resuspended in 2 ml 
of lysozy1ne solution by vortexing and incubated at 3 7 °C for 10 111in. To the 1nixture 2x 
Kirby 111ix was added and vortexed for 1tnin. Then 5.3 n1l phenol/chloroforn1 was added 
and the tube was vortexed for 30 s. The phases were separated by centrifugation at 4 °C 
for 10 min at 4000 rptn. The upper phase (aqueous) was transferred to a fresh tube and 
phenol/chlorofon11 extraction was repeated twice with an equal volun1e of 
phenol/chlorofon11. The aqueous phase was transfened to a fresh tube and 1110 vohu11e 
of soditun acetate and 1 volu1ne of isopropanol was added to precipitate DNA. The tube 
was incubated at roo1n te111perature for 1 0 min and the DNA was pelleted by 
centrifugation at 10000 rpm at 4 °C for 10 1nin.; the DNA pellet was washed in 1 1111 70 
% ethanol by inverting the tubes several tit11es, this was followed by centrifugation as 
above and ethanol removed con1pletely. The pellet was dissolved in 3 1111 TE buffer and 
30 J.Ll DNase-free RNase (4 111g/ml) was added. The tube was incubated at 37 °C for 30 
min., then 0.9 1111 phenol/chlorofon11 was added and the extraction was perfonned as 
described above. For S. coelicolor M145 DNA isolation, an extra extraction was canied 
out by addition of 1 vohu11e of chlorofonn. Finally the aqueous phase was transferred to 
a fresh tube and the DNA was precipitated by addition of sodiu111 acetate and isopropanol 
and washed with ethanol as described above. The DNA was dissolved in 0.5-1 ml 
deionised water and stored at -20 °C. 
2.11 In vitro DNA manipulation 
2.11.1 Agarose gel electrophoresis 
Electrophoresis of DNA srunples were done using a 0.8 % agarose gel solution 
and stained with ethidimn bromide. The srunples were run usually at 3-4 V/cn1 in lx TBE 
running buffer. The length of the ti111e a sa1nple was electrophoresed depended on the 
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n1olecular weight of the DNA being analysed. The DNA was visualised using a UV 
transilluminator. 
2.11.2 Restriction endonuclease digestion 
Restriction enzytne digestions were perfonned according to the 
recomtnendations of suppliers (Roche; New England Biolabs). DNA smnples (typically 
0.1-5 ｾＭｴｧＩ＠ were digested in a 20 ｾｌｬ＠ final volun1e for at least 2 h at the recon1n1ended 
temperature. In a double digestion where the enzymes were incmnpatible, the DNA was 
extracted with phenol/chlorofonn (pH 8) after the first digestion , ethanol precipitated 
and dissolved in an appropriate vohune of 1 x buffer and second digestion was perfonned. 
2.11.3 DNA ligation 
A ligation reaction was perfonned using T 4 DNA ligase (Roche) in the supplied 
lOx ligation buffer. Usually a vector to insert tnolar ratio of 1:3 was used with 75 -100 
ng of vector. Ligation tnixtures were incubated overnight at 16 °C in a water bath. 
Ligations of vectors were perfonned using vector alone, without inse11 as control. To 
monitor ligation, pre-ligation (satnple taken before addition of ligase) and post-ligation 
smnples were visualized on agarose gel. 
2.11.4 DNA extraction and precipitation 
To extract the DNA after restriction digestion the volun1e of satnple was 
increased to 400 ｾＭｴｬ＠ with dH20 and an equal volume of phenol/chlorofon11 (pH 8) was 
added. The tube was vortexed for 20 s and centrifuged at 13000 rpm for 5 111in at roo1n 
te111perature. The aqueous phase was ren1oved into a clean 1.5 1111 Eppendorf tube and 
tnixed with 0.1 vohn11e of 3 M sodium acetate (pH 6.0), an equal vohn11e of isopropanol 
and 1 ｾｴｧ＠ dextran blue was added as a DNA CatTier. The tube was votiexed and incubated 
at ro0111 te111perature for 15 111in. The DNA was pelleted by centrifugation at 13000 rpn1 
for 15 111in, at rootn tetnperature. The pellet was washed with 500 ｾＭｴｬ＠ 70 % ethanol. The 
pellet was air dried and dissolved in a suitable vohn11e ofTE buffer (pH 8.0). 
2.11.5 DNA extraction from agarose gel 
The desired DNA fragtnents were excised frm11 the agarose gel using a scalpel. 
Purification of the DNA was perfonned using the QIAquick Gel Extraction Kit (Qiagen). 
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2.12 Polymerase chain reaction (PCR) 
PCR was used to atnplify the desired regions of DNA from cos1nid. Pwo 
polyn1erase (Roche) was used according to 1nanufacturers instructions in the supplied 10 
x PCR buffer (1 00 111M Tris-HCI, 15 111M MgCh, 500 tnM J(Cl (pH 8.3). The following 
components were tnixed together in a 0.2 ml Micro-Tube (ABgene ): 
Chrotnosotnal DNA 
Forward prhner 
Reverse primer 
dNTPs (2.51nM) 
10 x PCR Buffer 
DMSO 
100 ng 
40 pmole 
40 ptnole 
8 ｾｴｬ＠
10 ｾｴｬ＠
10 ｾｌｬ＠
1 ｾｴｬ＠pwo polytnerase 
dH20 up to 100 ｾｴｬ＠
2.12.1 PCR cycle programme 
The standard guidelines followed for the PCR programtnes were as follows; 
Temperature Time Number of cycle Event 
94°C 2min 1 Hot sta1t 
94°C 40 sec 35 Denaturation 
*oC 30 sec 35 Atmealing 
68°C 3 min 35 Elongation 
72°C 10 min 1 Elongation 
N.B. *refers to the mu1ealing tetnperature which is dependent on the 1nelting ten1perature 
(Tn1) of the prin1ers. Usually this tetnperature is 5 °C lower than the average Ttn of both 
pritners. 
2.12.2 Prhner design 
All of the prhners used in this study were designed using the Primer 3 PCR 
design softwm·e package (http://frodo.wi.tnit.edu/) and were generally between 27-30 
bases in length. Pritners were synthesised by SIGMA genosys, UK. 
2.12.3 PCR product purification 
If tnultiple PCR products were produced, the desired product was obtained by 
separating the PCR reaction on an agarose gel, extracting the relevant band and purifying 
it using the QIAquick Gel Extraction Kit (Qiagen). If the PCR produced only the desired 
product it was purified directly, without running on an agarose gel, using MinElute PCR 
purification kit (Qiagen). 
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2.13 Transformation procedures 
2.13.1 Transformation of E. coli 
The cotnpetent E. coli cells were made by two methods. The TSS tnethod was 
the 1nost co1n1nonly used protocol while the CaCh method was used to 1nake competent 
E. coli ET12567 cells. 
Preparation of con1petent cells- TSS method (Chung et al., 1989) 
An overnight culture of E. coli was used to inoculate 50 ml LB in a 250 ml 
flask, using 1 in 100 dilution. The culture was grown at 37 °C, with shaking until an 
OD600 of 0.2-0.4 was reached. Cells were harvested by centrifugation at 3300 rpn1, at 4 
°C for 10 min. The cell pellet was resuspended in 5 n1l ice-cold TSS, dispensed in 200 ｾＱ＠
aliquots and frozen quickly in liquid nitrogen and stored at -80 °C. 
Preparation of competent cells -CaCh 1nethod (Satnbrook and Russell, 2000) 
A single colony of freshly grown E. coli was used to inoculate 100 1nl LB in a 
500 ml flask for 3 h at 37 °C, with shaking until an OD600 of 0.2-0.4 was reached. The 
cells were harvested by centrifugation at 4 °C, at 4000 rpm for 10 min in sterile tubes. 
The cell pellet was resuspended in 60 1nl of ice-cold MgCh-CaCh solution (80tnM 
MgCh, 20n1M CaCb) with gentle vortexing. The cells were incubated on ice for 20 min. 
Cells were centrifuged at 4 °C at 4000 rp1n for 1 0 1nin and the pellet resuspended in 4 tnl 
of ice-cold O.IM CaCh. Finally the cells were frozen quickly in ＲＰＰｾＱ＠ aliquots in liquid 
nitrogen and stored at -80 °C. 
Transformation 
To transfer the plasmid DNA, con1petent cells (200 ｾＱＩ＠ were thawed on ice and 
DNA was added. Usually 9 ｾＱ＠ of ligation reaction mixture or 50 ng of plastnid 
preparation was used. The 1nixture was incubated on ice for 30 tnin. The sample was heat 
shocked at 42 °C for 90s and 2 tnl LB was added and cells were incubated at 37 °C, with 
shaking for 1 h. A 200 ｾＱ＠ was plated on an LB plate containing specific antibiotic for 
selection (for blue/white color selection 40 ｾｌｬ＠ of 2 % X-gal and 7 ｾｌｬ＠ of 100 tnM IPTG 
was added to plate before the cells were plated and plates were dried at 3 7 °C for 1 h). 
The re1naining cells were centrifuged at 6000 rpn1 and resuspended in 200 ｾＱ＠ of LB and 
spread on a plate. The plates were allowed to dry and incubated at 3 7 °C overnight. 
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Streptomyces protoplasts were prepared as described by l(ieser eta!. (2000). 108 
spores were used to inoculate 25 1111 YEME in a flask containing a spring. The culture 
was incubated shaking at 30 °C for 40-45 h. The myceliun1 was harvested by 
centrifugation for 10 111in at 3000 rprn at roor11 ter11perature. The 111ycelial pellet was 
washed twice in 15 1111 10.3 % sucrose. To remove the cell wall, the pellet was incubated 
in4 1111 P-buffer containing 1 mglt11llysozyrne for 2 h. After the addition of 5 1111 P-buffer 
the protoplasts were triturated with a 5 n1l pipette. They were filtered tlu·ough a cotton 
wool plug and the protoplasts harvested by centrifugation at 3000 rpn1 for 7 rnin at room 
te1nperature. The pellet was resuspended in 5 rnl P-buffer. The protoplasts were 
dispensed into 500 ｾｴｬ＠ aliquots and frozen slowly by placing in a beaker of ice at -80 °C. 
Once frozen the protoplasts were rernoved fi.·orn the ice and stored at -80 °C. 
Transfonnation 
In transfonnation where integration of the plas1nid DNA into Streptomyces 
chrornosorne was required, the plasmid DNA was denatured by alkali treat1nent prior to 
transformation (Oh and Chater, 1997). Denaturation was carried out by incubating 
plasrnid DNA (1-5 ｾｧＩ＠ in a volume of9 ｾｴｬ＠ with 2 ｾＱ＠ of 1M NaOH for 10 min at 37 °C. 
The mixture was irnrnediately chilled on ice and 2 ｾＱ＠ 1 M HCl was added to neutralize 
the alkali. The denatured DNA was used to transfonn the protoplasts. 
Protoplasts were thawed quickly under wann water and spun at 3000 ｾﾷｰｲｮ＠ for 10 
n1in at roo1n tern perature. After rernoval of 111ost of the supernatant the protoplasts were 
resuspended in the rernaining drop by flicking. Denatured circular DNA (0.02-0.05 J..lg) 
or circular plasrnid (50 ng) in up to 20 ｾｌ＠ voltune was added to protoplasts and 
immediately 500 J.!l of 25 % PEG (MW 1000, diluted in P-buffer) was added and rnixed 
by pi petting. The DNA/protoplast rnixture was spread onto each of the R5 plates, which 
had been dried in the larninar flow cabinet for 2-4 h. A positive control, piJ486 (50 ng), 
and a negative control, TE buffer (20 J.!l), were also included in each transformation. The 
plates were allowed to dry and incubated overnight at 30 °C. Next day 2.5 n1l soft 
52 
Chapter 2: Materials and Methods 
nutrient agar containing 50 ｾｌｧＯｭｬ＠ apramycin or thiostrepton (in control plates) was added 
as an overlay and plates were incubated at 30 °C for 5 days. 
2.14 Streptontyces gene deletion 
A double recotnbination approach was used to n1ake deletions in the 
Streptomyces chrotnosotne (Kieser et al., 2000). Flanking regions of a gene to be deleted 
were cloned in pKC1132. pl<C1132 is a delivery vector that is not replicated by 
Streptomyces and contains the apramycin resistance gene as a selection marker (Biennan 
et al., 1992). The plasmids containing deletion cassettes were denatured prior to 
transforn1ation and transfonnants were selected using the apratnycin. The transfonnants 
obtained are single cross-over integrants. The double recotnbination event was 
encouraged by subculturing single cross-over integrants on MS agar for three rounds of 
sporulation. Spores frmn these transformants were then plated at an appropriate dilution 
to give well dispersed single colonies on MS agar and grown until sporulated. The 
colonies were then replica plated, first onto R5 containing no apratnycin, then R5 
containing apratnycin, then onto R5 containing no apratnycin. The plates were incubated 
at 30 °C for 48-72 h and then compared. Colonies showing apratnycin sensitivity were 
picked and screened for the desired deletion. The apramycin sensitive colonies may be 
the desired mutm1t or the revertant wild-type. PCR was used to screen the deletion 
tnutants. The tnutations were confirn1ed by Southern hybridisation. 
2.15 DNA hybridisation 
2.15.1 Southern transfer (Sam brook and Russell, 2000) 
Streptomyces DNA was digested with Bglll (Roche) and 750 ng of the digested 
DNA was loaded on 0.8% TAE gel and run at 20 volts overnight. DIG labelled EcoRl-
digested SSP 1 DNA (Roche) was also loaded. After ru1u1ing, the gel was washed with 
gentle agitation as follow: 
45 1nin in denaturing solution (1.5 M NaCl, 0.5 N NaOH) 
2 min in deionised water 
30 tnin in neutralisation solution (1 M Tris pH 7.4, 1.5 M NaCl) 
15 tnin in neutralisation solution (1M Tris pH 7.4, 1.5 M NaCl) 
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The gel was then transferred onto a glass plate and a positively charged nitrocellulose 
membrane (Roche) placed on top followed by 2 pieces of Whatman 3MM paper. A stack 
of paper towels was placed on top, followed by a glass plate on which a weight was 
placed. The transfer of the DNA was allowed to take place overnight. Next day the paper 
towels and blotting papers were retnoved and the position of the wells tnarked on the 
filter. The DNA was fixed to the filter by UV irradiation (3000 joules) in an UV cross 
linker (Stratagene ). After fixing, the filter was prehybridized and incubated in 
hybridisation buffer containing the labelled probe (section 2.15.2). 
2.15.2 DIG labelling of the probe 
For the detection of the deletion, DIG High Pritne DNA Labelling and Detection 
Starter Kit II (Roche) was used. Probe DNA was labelled with Digoxigenin (DIG)-11-
dUTP, using random pritners according to manufacturer's guidelines. 1 ｾｴｧ＠ of the DNA 
was dissolved and added in a volume of 16 ｾＱＮ＠ DNA was denatured by heating in a 
boiling water bath for 10 n1in and quickly chilled on ice. 4 ｾＱ＠ of the DIG-High Prime was 
added to denatured DNA and incubated at 37 °C overnight. Next day 2 ｾＱ＠ 0.2 M EDTA 
(pH 8.0) was added to stop the reaction. The tube was stored at- 20 °C. 
2.15.3 Detection of the labelling efficiency 
It is important to check the efficient labelling and yield of the DIG-labelled DNA. 
Once this is known, the atnount of labelled probe required in the hybridisation reaction 
can be adjusted. High concentration of probe in the hybridisationtnix causes background, 
while low concentration of the probe leads to weak signals. Briefly a series of the 
dilutions of DIG-labelled DNA were perfonned and applied to a small strip of a 
positively charged nylon metnbrane (Roche). A control DNA labelled with DIG was also 
applied on the san1e tnembrane. Both control and test DNA were fixed on the n1e1nbrane 
by cross-linking with UV irradiation. The tnetnbrane was transferred into a plastic 
container and incubated with different buffers and antibody solution finally exposed to 
X-ray fihn. Intensities of the signal of test and control DIG-labelled DNA were compared 
to establish the efficiency of the labelling. 
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2.15.4 Prehybridisation and hybridisation 
Prehybridisation and hybridisation of the nylon filter carrying the DNA was 
perfonned according to manufacturer's instructions. 20 ml of DIG easy Hyb solution 
(prewanned at 42 °e) was added to a glass hybridisation tube containing the nylon filter 
and prehybridised at 42 oe for 30 n1in in a hybridisation oven. 8 J.Ll of DIG-labelled probe 
DNA (Section 2.15.2) was denatured by boiling for 5 tnin and rapidly cooled on ice-
water. 20 n1l of DIG Easy Hyb solution was heated at 63 oe and the denatured probe was 
added and mixed. Prehybridisation solution (DIG Easy Hyb) was discarded and the 
probe/DIG Easy Hyb mixture was added. The tube was incubated overnight at 63 oe in 
the hybridisation oven. 
2.15.5 Post hybridisation 'vashes 
After hybridisation the filter was washed as follows: 
2 X sse, 0.1 % SDS 2 X 5 lnin at r00111 temperature 
0.5% SSe, 0.1% SDS 2 x 15 min at 68 oe 
2.15.6 Immunological detection 
The hybridised probes were imtnunodetected with anti-digoxigenin-AP and 
visualized with the chemilutninescence substrate eSPD. All the steps were perfonned 
according to the supplied instructions (Roche). Finally the filter was exposed to X-ray 
filn1 for 5-30 min at roon1 tetnperature and developed by in1111ersion in the following: 
2.16 CDA bioassay 
developing solution 2 tnin 
stop solution 30 s 
fixative solution 2 111in 
rinsed in running water for 2-5 tnin and dried. 
2.16.1 Preparation of the Micl'ococcus lute us 
In this study Micrococcus luteus was used as an indicator strain instead of B. 
mycoides as described by Podtnore, (1995). A glycerol stock culture was used to streak 
onto ONA plate and incubated at 37 oe overnight. Next day a single colony was picked 
and inoculated into 1 0 1111 ONB in a 20 tnl plastic tmiversal bottle. The inoculated broth 
55 
Chapter 2: Materials and Methods 
was vortexed and incubated at 37 °C in a shaking incubator until the culture reached an 
OD600 of 0.3 - 0.5. In order to calculate the volume of the Micrococcus culture required 
the following fonnula was used. This fonnula gives the volu1ne of the culture to give a 
cell count of 106 CFUIInl. 
(0.175/0D6oo) x 600 
2.16.2 CDA plate bioassay (Podmore, 1995) 
The viable count of the spores of the Streptomyces strains to be tested was 
performed. 1 0 J.Ll of a spore suspension (containing 1 06 spores) was spotted on ONA 
plates to fonn a discrete patch. At lest three strains were spotted on a plate to check the 
CDA production. Plates were incubated for 18 h at 30 °C. Next day 5 tnl soft ONA 
containing 106 CFU/ml of M luteus was overlaid and plates were incubated at 30 °C 
overnight. Two plates were used, one plate contained 5 1111 SNA without Ca +2 and one 
with 5 ml SNA containing 60 n1M Ca(N03) 2. 
2.16.3 CDA cellophane bioassay 
ONA plates overlaid with a cellophane disc were used to check CDA production 
by Streptomyces. CDA is able to diffuse tluough the cellophane. 106 spores of the strain 
to be tested were spotted in a total volu1ne of 1 0 ｾｴｬ＠ on the surface of the cellophane and 
left at roon1 temperature to dry for 1 h and incubated at 30 °C for 18-20 h. At least two 
strains were spotted per plate. After incubation at a pmticular titne, the cellophane was 
retnoved and plates were overlaid with SNA containing M luteus either in the presence 
or absence of 60 n1M Ca(N03) 2 and incubated at 30 °C for overnight. 
2.16.4 CDA production by agar plugs (Admnidis et al., 1990) 
10 ｾｴｬ＠ of concentrated spore suspension of Streptmyces strain to be tested was 
spread on ONA plates to 1nake a unifonn lawn and incubated at 3 0 °C for 18 to 24 h. 
After incubation a piece of about 0.5 cnl was cut frotn the plate with a sterile blade and 
placed on a fresh ONA plate. SNA containing M luteus with or without 60 tnM 
Ca(N03) 2 was overlaid on plates and incubated at 30 °C overnight. 
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2.17 Pigmented antibiotics assays 
2.17.1 Actinorhodin assay 
Streptomyces were cultured in liquid R2YE mediwn and 5 n1l san1ples were 
taken at different tin1e points to measure the actinorhodin and undecylprodigiosin. 
For the "total" actinorhodin assay 500 ｾＭｴｬＳ＠ M KOH was added to 1 ml culture, mixed and 
centrifuged at 13000 rp1n for 10 Inin. After the mycelitnn has fanned a pellet, the 
supernatant was re1noved. To n1easure intracellular actinorhodin the pelleted myceliu1n 
was mixed with 1 1nl of 1 M KOH and sonicated with 3 cycles (60s on/30s off) using a 
s1nall probe. The resulting froth was centrifuged at 13 . 000 rp1n for 10 1nin. Both 
supernatants were co1nbined and the absorbance measured at 640 run (Bystrykh et al., . 
1996). For highly concentrated smnples, dilutions were perfonned to obtain a 
spectrophoto1neter reading of between 0.1 and 0.9. The concentration of actinorhodin 
was obtained using the following fonnula: 
Actinorhodin concentration (n1g!l) = OD640 x dilution (if any) x 628 x 1000 
25320 
2.17.2 Undecylprodigiosin assay (Tsao et al., 1985) 
The intracellular concentration of undecylprodigiosin 1neasured with the 
1nycelial pellet fro1n 1 tnl of culture. After centrifugation, the supernatant was removed 
and 1 tnl of acidified methanol (pH 1.5, using HCl) was added and n1ixed to resuspend 
the pellet. The tnixture was centrifuged at 13000 rp1n for 10 1nin. For highly concentrated 
samples, this step was repeated with another 1 ml of acidified Inethanol. The absorbance 
at 530 run was 1neasured. For highly concentrated samples dilutions were perforn1ed to 
obtain a spectrophoton1eter reading between 0.1 and 0.9. The concentration of 
undecylprodigiosin was calculated using following forn1ula: 
Undecylprodigiosin concentration (1ng/l) = 0Ds3o x dilution (if any) x 393 x 1000 
100500 
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The isolation of RNA fron1 Streptomyces was perfonned using a Qiagen RNA 
isolation 1nidi kit with so1ne modification as described by Mersinias (2004). Spores of the 
strains fron1 which RNA was to be obtained were pre-germinated as described above and 
3 x 106 pre-genninated spores were used to inoculate R2YE plates overlaid with a 
cellophane disc. Plates were incubated at 3 0 °C and tnycelia were harvested at different 
tilne points. Typically at 18 h 5 plates were harvested, at 21, 22, 23 and 24 h 3 plates 
were harvested, at 42 h 2 plates were harvested and at 72 h, 1 plate was harvested. The 
mycelia were harvested fron1 the cellophane tnetnbranes using a spatula and were 
resuspended in 5 ml RNAprotect™ Bacteria Reagent (Qiagen) in a 15 ml polypropylene 
tube (Fisher). The tube was vortexed for 1 tnin and left at room tetnperature for 5 n1in. 
The tnycelia was collected after centrifugation at 4000 rp1n for 10 tnin at room 
tetnperature. The supernatant was discarded and tubes were stored at -20 °C until used 
for RNA extraction. 
At the thne of RNA isolation, the bacterial pellet was loosened by flicking the 
bottotn of the tube and resuspended in 1 ml TE buffer containing lysozytne (15 tnghnl). 
The tube was incubated at room ten1perature for 10 min. To 111ake sure the efficient lysis 
of the cells, the tube was vortexed a few seconds during this incubation. 4 n1l of buffer 
RL T was added and mixed thoroughly by vortexing. After addition of buffer RL T and 
vortexing the tube was placed in a beaker containing the ice. The lysate was sonicated in 
a sonicator fitted with a 111editun probe. 6 cycles of (30s on/20s off) were perfonned at 
full power. To the sonicated lysate, 5 1111 of phenol/chloroform/isoamyl alcohol was 
added and vortexed for 30 sand centrifuged for 10 min at 4 °C at 4000 rptn. The aqueous 
(upper) phase was transferred to a fresh 15 ml tube and the extraction repeated with 1 
vohune of phenol/chlorofonn/isoan1yl alcohol, vortexed and centrifuged as above. After 
centrifugation, the aqueous phase was transferred to a fresh 15 1111 tube and 1 vohnne of 
chloroforn1 was added, vortexed for 15 s and centrifuged for 5 min at 4 °C at 4000 rpn1. 
The aqueous phase was transferred to a fresh 15 ml tube and the Qiagen protocol was 
continued by addition of 2.8 1111 96% ethanol. If necessary the volume of the sample was 
corrected to 5 ml with RL T buffer prior to ethanol addition. In all the above extractions, 
extra care was taken not to disturb the interface when transferring the supernatant frmn 
one tube to another and a small volume of the aqueous phase was sacrificed to ensure 
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high purity. On-colutnn DNA digestion was carried out with the RNase-free DNase set to 
re1nove any traces of DNA. Appendix E in the Qiagen manual was followed. Finally the 
RNA was eluted fro1n the column twice each tilne with 125 ｾｴｬ＠ RNase-free H20 
(A1nbion) and stored at- 80 °C. 
2.18.2 eDNA synthesis and labelling 
eDNA was synthesized fron1 total RNA and Cy3-dCTP was used to synthesize 
fluorescently labelled eDNA. 
General precautions: The exposure of the Cy dyes to the light was kept to a 1ninimmn. 
RNase-free pipette tips and RNase-free H20 were used. 
In an Eppendorftube, 10-15 J..tg of total RNA in a n1aximmn volmne 15.2 J..tl was 
1nixed with 1.7 ｾｴｬ＠ of randon1 primers (3 J..tg/J..tl). The whole was 1nixed by flicking the 
tube and briefly centrifuged. The sa1nple was heated at 70 °C for 10 1nin in a heating 
block (Grant), snap cooled on ice for 1 n1in and briefly centrifuged. To the primed RNA 
the following was added: 
5 x First Strand Buffer 
DTT ( 100 1nM) 
dNTPs for eDNA 
Cy3-dUTP 
SuperScript II (200 ｕＯｾｴｬＩ＠ (Invitrogen) 
6 J..tl 
3 ｾｴｬ＠
0.6 J..tl 
1.5 J..tl 
2 ｾｴｬ＠
If 1nultiple reactions were perfonned, a x(N+O.S) 1naster 1nix was prepared by 1nixing all 
the above con1ponents except SuperScript II. 11.1 ｾｌｬ＠ of the 1naster mix was added to each 
reaction, n1ixed then 2 J..tl of SuperScript II was added. The reaction was incubated in the 
dark at roo1n temperature for 10 1nin followed by 42 °C for 2-4 h in a heat block (Grant). 
After the reaction was con1pleted, the labelling reaction tubes were centrifuged 
briefly and 10 J..tl 1 N NaOH was added and the sa1nple was incubated at 70 °C for 10 1nin 
to hydrolyze the RNA. After the alkali treattnent the tube was briefly centrifuged and the 
sa1nple was neutralized by addition of 10 J..tll N HCI. 
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Labelled eDNA was purified with MinElute® PCR purification kit (Qiagen) as 
follows: 
250 ｾｌｬ＠ of Buffer PB was added to the reaction tube and the tnixture was applied 
to a MinElute colutnn in a collection tube and centrifuged in a tnicrocentrifuge for 1 tnin 
at 13000 rpm. Pink coloration of the n1embrane indicated efficient labelling of the eDNA. 
If the tnetnbrane retnained white, that was an indication of the failed eDNA labelling. 
When labelling was apparent, the flow-through was discarded and 500 ｾｴｬ＠ Buffer PE was 
added and the column was centrifuged for 2 tnin at 13000 rpn1. The cohunn was then 
transferred to an Eppendorf tube taking care not to contatninate the tip of the colutnn 
with the flow-through. To the centre of the 1nen1brane 10 ｾｌｬ＠ of autoclaved deionised 
water pH 7-8.5 was added and the cohu1111 was left to stand for 1 tnin. Purified labelled 
target was recovered by centrifugation for 1 tnin at 13000 rptn. The labelled eDNA was 
stored at -20 °C. 
2.18.3 Labelling of the genomic DNA 
Labelled genomic DNA (gDNA) of S. coelicolor M145 was prepared for use in 
microarray hybridisations as to a reference in gene expression analyses. For labelling 
reaction S. coelicolor M145 gDNA was used. Again precautions were taken and 
exposure of Cy dyes to the light was kept to a tninin1un1. The following cotnponents were 
tnixed in an Eppendotf tube: 
Genotnic DNA (M145) 4 ｾｧ＠
Random pritner (3 ｊＭｌｧＯｾｬＩ＠ 1 ｾｴｬ＠
dH20 to 41.5 ｾＱ＠
The sample was heated at 95 °C for 10 tnin in a heat block, snap-cooled on ice for 1 tnin 
and briefly centrifuged. To the prin1ed gDNA the following was added: 
K.lenow Buffer (1 Ox) 
dNTP for gDNA 
Cy5-UTP 
l(lenow fragtnent (5-10 ｕＯｾｴｬＩ＠ 1 ｾＱ＠
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The reaction was incubated at 3 7 °C in the dark for overnight. The labelled gDNA was 
purified in the same way as for eDNA. 
2.18.4 Microarrays 
AtTay slides printed with 50-mer oligonucleotides were used. These 
oligonucleotides were synthesized by MWG. Oligonucleotides were spotted on 
UltraGAPS slides (Corning) by a robotic printer (QARRA Y2, GENETIX). The array 
slides used in this study were of two types depending on the type of the buffer used for 
printing oligonucleotides. These were either SCol, printed with 50 tnM phosphate buffer 
or SCo3, printed with spotting buffer containing 150 tnM phosphate, 0.005 % 
SDS/Tween20. 
2.18.5 Microarray hybridisation 
Prehybridisation of slides 
Microarray slides were prehybridised to block the reactive surface to non-
specific hybridisation of labelled targets so that only specific hybridisations would occur 
on the probe spots. Pronto ! hybridisation kit was used for this step (Corning). A 
presoaking step included in the kit also tninimizes the background noise by reducing 
slides autofluorescence. For prehybridisation of the array slides instructions were 
followed as described in the supplier's tnanual (Corning). 
Hybridisation 
For the hybridisation, the following an1otn1t of labelled eDNA and gDNA was 
used: 
Cy3 labelled eDNA 45 ｰｴｮｯｬＯｾｴｬ＠
Cy5 labelled gDNA 25 ｰｴｮｯｬＯｾｌｬ＠
Volutnes equivalent to the above atnounts were tnixed in an Eppendorf tube and 
dried down in a Speedvac. 45 ｾＱ＠ of Pronto! Long Oligo/eDNA Hybridisation Sohttion 
was added to the dried labelled cDNA/gDNA pellet and vortexed for 30 s to resuspend 
the cDNA/gDNA mixttu·e. Hybridisation solution containing cDNA/gDNA tnixture was 
then heated at 95 °C for 5 min. In the tnean time the slides were blown gently with 
pressurised air to retnove any dust and preheated on a slide heating bench (Scientific 
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Laboratory Supplies) with the thennostat set at 7. The hybridisation chmnber (CMT™-
Hybridization Chmnber, Corning) was also preheated on the slide heating bench. A 
24x24 mm cover slip was prepared by blowing air to retnove any dust and placing it in a 
position ready to be picked up with forceps. 
When ready, the hybridisation solution was centrifuged briefly, the array slide 
was put in the chm11ber and the solution was applied onto the slide as a drop in the 
111iddle of the spotted area. With the aid of curved-edge fine forceps the coverslip was 
picked up and its edge was placed just outside the spotted area. The coverslip was let to 
rest on the forceps and was pushed with a 111icrospatula towards the spotted area. Once 
aligned in the conect position, the other edge of the coverslip was lowered and placed on 
the spotted area. Once in place, the coverslip was not 111oved unless it was misplaced 
accidentally. After pipetting 30 !J.l 3x SSC into each of the two wells, the chatnber was 
closed and h11mersed in a waterbath at 42 °C for 16-20 h. All the above steps were done 
quickly to prevent renaturation of the labelled DNA or extended evaporation of the 
san1ple on the array that would cause high backgrotu1d. 
Post hybridisation washes 
Post hybridisation washes were perfon11ed according to the Pronto!™ Universal 
Hybridisation manual with slight n1odifications. The slides were trm1sferred one at a time 
fro111 the chat11ber to a 50 n1l tube containing prewanned Wash Solution 1 (Pronto!™) and 
the coverslip was dislodged by gently tnoving the tube up and down. The slide was 
trm1sferred quicldy to a glass trough containing Wash Solution 1 (prewarmed to 42 °C) 
and incubated for 5 111in with gentle agitation. Slides were then transfened to another 
trough containing Wash Solution 2 (Pronto!™) and incubated for 2 tnin with gentle 
agitation at ro0111 tetnperature. This step was perfon11ed twice changing the Wash 
Solution 2. Slides were washed 3 times with wash Solution 3 (Pronto!™) for 2 min with 
gentle agitation at roo111 tetnperature. Finally the slides were dried by centrifugation at 
500 rpn1 for 5 tnin and were kept in a slide box in the dark until scanning. 
2.18.6 Microarray scanning 
Microarray slides were scanned for h11age acquisition at Cy3 (532 nm) and Cy5 
(635 ntn) channels sequentially with an Affy111etrix 428 laser scanner. After a gentle 
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blow with pressurised air to remove any dust, the slides were first scatu1ed at a low 
resolution preview tnode in order to control the phototnultiplier tube gain to the 
appropriate level. This level was detennined as the n1aximu1n possible gain where no 
gene spots were saturated and the background noise retnained relative to the signal 
intensities. Once the gain level was selected for each chmu1el the array was scam1ed at a 
10 tnicron resolution and the 16-bit hnages were stored as TIFF files. 
2.18. 7 Microarray image analysis 
After scam1ing, raw microarray images were analysed for spot signal and 
background intensities using the Blue Fuse (BlueGnotne) analysis software according to 
the supplier's n1anual. Both Cy3 and Cy5 TIFF files were loaded for shnultaneous 
analysis. The pre-designed anay tetnplate was also loaded and the grid was aligned onto 
the array in the Cy3/Cy5 overlay itnage. After processing two data files were produced, 
one for each Cy3 and Cy5 channels. 
2.18.8 Microarray data analysis 
The raw data files generated by BlueFuse software were first imported in R (R 
Developn1ent Core Teatn, 2005) atld checked for spatial effects using the package litnma 
(Stnyth and Speed, 2003; Stnyth, 2005). Spatial effects on the arrays were found, this 
suggested the use of Block-tnedian nonnalisation to circumvent these effects (see figure 
5.2 in Chapter 5); a description of Block-tnedian nonnalisation can be found at 
http://www.labonweb.cotn/antisense/Supplen1ental_Inforn1ation.html. 
After nonnalisation, duplicate 'good' spots (spots that did not have a FLAG E or 
Quality of 0 in the Blue Fuse generated output file) were averaged. Thus, if two spots for 
gene x were classed as good, these were averaged (tnean taken), if one spot was good and 
one bad then only the ratio for the good spot was taken, and if neither of the duplicate 
spots were good then an 'NA' value was given. From the averaged data genes were then 
filtered out such that only genes that had at least two values for each thne-point (i.e. at 
least two of the four biological replicates at titne-point x without the value NA) across 
both wild-type and tnutant (absAJA2) retnained. Further filtering applied to retnove 
SCP 1 genes as these genes are not present in the Streptomyces strain used (MTlll 0). A 
final working gene list containing 6,938 genes for differential expression analysis was 
then obtained. These genes have been presented in Table S 1 in suppletnentary material. 
The filtered gene list was then itnpotied into the RankProd package of R (Breitling et a!., 
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2004, Hong et al., 2006) to perform Rank Product analysis. Briefly, pair-wise ratios 
between all replicates of the MTlll 0 wild-type and MTlll Ol::iabsAJA2 at a particular 
thne point were calculated within the R package and average fold-change was used to 
calculate the rank. Ranks were calculated for both up- and down-regulated genes. The top 
100 ranking genes for both up- and down-regulation at each time-point were then used 
for futiher analysis (see Chapter 5). These genes have been presented in Appendix I. The 
genes identified by the Rank Product analysis have been given in Table S2 in 
supplementary tnaterial. 
The filtered data set as described previously was also itnported into GeneSpring 
data analysis software version 7.3 (Silicon Genetics) for visualisation and 2 Fold 
differential expression analysis (identifying genes that are at least 2 Fold up- or down-
regulated between wild-type and mutant). For the analysis within GeneSpring the log2 
ratios (as produced in R, see above) were converted to linear scale, using the function 
within GeneSpring. Where stated, the data was transfonned to log10 scale for easier 
visualisation (this is indicated in plots where this is true). The genes showing 2 Fold 
differential expression in MTlll Ol::iabsAJA2 have been presented in Appendix II. 
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Chapter 3: Results and Discussion 1: 
Generation of absA mutants of S. coelicolor and S. lividans 
3.1 Deletion of absAl from the S. coelicolor and S. livida11s chromosomes 
The deletion strategy devised to delete absAJ, encoding the sensor kinase AbsAl, 
frotn the Streptomyces chron1osotne (Figure 3.1) involved the cloning of the flanking 
regions of absAJ in pKC1132. pl(Cll32 is an E. coli plasmid that caru1ot replicate in 
Streptomyces but can recotnbine via hotnologous regions with the chrmnosmne and first 
cross-over recotnbinants can be selected with apran1ycin (Biern1an et a!., 1992). The 
disruption was carried out as an in-fratne deletion. 
3.1.1 The absAl deletion construct 
A 2030 bp fragn1ent containing the atnino-tenninal coding sequence of absAJ and 
upstremn region was cloned into pl<Cll32 giving pA Wll (Figure 3.2). This fragment, 
natned absAl up, contained 189 bp downstrean1 relative to the translation start codon. 
A 1986 bp fragtnent conesponding to the downstream region of the gene was ligated to 
pA Wll forn1ing pAW13 (Figure 3.2). This fragn1ent was natned 'absAldown' and 
contained the C-terminal coding 48 bp relative to the stop codon. The plasmid pAW13 
was used to transfonn the tnethylation deficient host E. coli ET12567. 
3.1.2 Deletion of the absAl from Streptonzyces chromosome 
DNA of plasn1id pA W13, frotn E. coli ET12567 was used to transfonn freshly 
prepared protoplasts of S. lividans 1326, S. coelicolor MTlllO and MTlllOL'1cdaR. 
Pritnary transfonnants frotn each strain were selected using aprmnycin. . Two 
transforn1ants of each strain were plated onto MS agar and cultured non-selectively 
through three rounds of sporulation and then plated for single colonies. Colonies fro1u 
each strain were exatnined for apran1ycin sensitivity using replica plating, as described in 
Section 2.14. Chromosotnal DNA of each apratnycin sensitive colony was isolated and 
checked by PCR experin1ent. The positions of the prin1ers and expected size of the 
products are shown in Figure 3.3. Those colonies, which gave the expected size PCR 
products were further analyzed by Southern hybridization. The Southern blot was probed 
with the 2.0 kb EcoRI-Xbal digested fragtnent fron1 pAW13. This fragtnent, absAlup 
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Figure. 3.1 Construction of absA 1 deletion mutant, removing 1.5 kb segment from the 
coding sequences. 
Note: not drawn to scale 
represents the upstream region of the absA 1 gene and was expected to remain intact in 
the absAJ mutant chromosome. The Figure 3.3 shows the expected size of band in wild-
type and the mutant strains. It can be seen in Figures 3.4 and Figure 3.5 that 6.1 kb bands 
were present in the lane representing mutant chromosomes. No absAJ deletion was 
obtained in MT111 0, but deletants were obtained for S. lividans 1326 and 
ｍｔＱＱＱＰｾ｣､｡ｒＮ＠ These deletants were designated asS. lividans ＱＳＲＶｾ｡｢ｳ ａ ｊＭａｗＸＱＱ Ｌ＠ S. 
lividans ＱＳＲＶｾ｡｢ｳａｊＭａｗＸＱＳ Ｌ＠ S. lividans ＱＳＲＶｾ｡｢ｳａｊＭａｗＸＱＴ Ｌ＠ S. lividans 
ｬＳＲＶｾ｡｢ｳａｊＭａｗＸＱＵ＠ and MT1110 ｾ｣､｡ｒ｡｢ｳａｊＭａｗＷＱＴＮ＠
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EcoRI 
2030 bp absA 1 up 
Xhol 
Hindlli 
B EcoRI 
Xhol 
2 Xbal Hindlll 
I I 
1986 bp absA 1 down 
Xhol 
Figure 3.2 Construction of a deletion cassette for absAJ. 
1- The plasmid pKC1132 was digested with EcoRI and Xbal and was used to ligate 
the 2030 bp fragment absA 1 up. The ligation mixture was used to transform E. coli XL 1. 
Blue/white color selection was used to screen the recombinant. The desired plasmid was 
identified and designated pA Wll. 
2- The resulting plasmid pA Wll was digested with Hindiii and Xbal and used to 
ligate the 1986 bp fragment absA 1 down. The ligation mixture was used to transform E. 
coli XLI. The desired recombinant was screened and designated pAW13. 
NB Digested insert and vectors were gel-purified prior to ligation. 
Not all restriction sites are shown. 
Restriction maps are not drawn to scale. 
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Figure 3.3 Schematic diagram to show the bands expected in Southern hybridization and 
the PCR to confirm whether the 1.5 kb segment in the absA 1 gene had been deleted from 
the chromosome of S. coelicolor MTlll 0. 
Note: not drawn to scale 
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Figure 3.4 Southern hybridisation to confirm different deletions in absA locus from the 
chromosome of S. coelicolor MT111 ｏｾ｣､｡ｒ＠ and S. lividans 1326. 
Chromosomal DNA (500 ng) of putative absA deletants and their parental strains were 
digested with Bg/II. The cut samples were separated on 0.8% T AE gel with DIG-dUTP-
labelled EcoRI digested SSP 1 DNA. The DNA was transferred to nitrocellulose 
membrane and probed with DIG-dUTP-labelled 2.0kb fragment from EcoRI-Xbai 
digested pAW 13. 
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Figure 3.5 Southern hybridisation to confirm the absAJ, absA2 and absA JA2 deletions in 
absA locus from S. coelicolor MT111 0, MT111 06.cdaR and S. lividans 1326 
chromosomes. 
Chromosomal DNA (SOOng) of putative absA deletants and their parental strains were 
digested with Bg!II. The cut samples were separated on 0.8% T AE gel with DIG-labelled 
EcoRI digested SSPl DNA. The DNA was transferred to nitrocellulose membrane and 
probed with DIG-dUTP labelled 2.0kb fragment from EcoRI-Xbai digested pA W13 . 
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Figure 3.6 Construction of absAJA2 deletion mutant, removing 2.17 kb segment within 
the coding sequences. 
Note: not drawn to scale 
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3.2 Deletion of the absA1A2 from S. coelicolor and S. lividans chromosomes 
The deletion strategy devised to delete absAIA2 from the Streptomyces 
chron1oso1ne is displayed in Figure 3.6. The disruption was carried out as an in-fratne 
deletion (fusing theN-terminal CDS of absAI with the C-terminal CDS of absA2). 
3.2.1 The absAlA2 deletion construct 
To delete both the sensor kinase and response regulator, flanking regions of 
absAI and absA2 were cloned in pKC1132. The plastnid pA Wll (Figure 3.7) contained 
the upstream region of absAI. This plastnid was used to clone a 1503 bp fragtnent, 
'absA2down', to fonn plastnid pAW40 (Figure 3.7). Plastnid pAW40 therefore contains 
the upstream region of absAI and the downstreatn region of absA2. The downstreatn 
region of absA2 includes the 39 bp of coding sequence relative to the stop codon. 
Plastnid pAW40 was passaged tlu·ough the methylation deficient host E. coli ET12567. 
3.2.2 Deletion of the absA1A2 from S. coelicolor and S. lividans chromosomes 
Plasmid pA W40, obtained from E. coli ET12567, was used to transform fresh 
protoplasts of S. lividans 1326. S. coelicolor MT111 0, S. coelicolor MTlll Qf).cdaR. 
Prhnary transformants of each strain were selected using apratnycin. Two transfonnants 
of each strain were plated onto MS agar and cultivated tlu·ough tlu·ee rounds of 
sporulation without selection and plated to single colonies. Colonies fi·onl each strain 
were examined for apratnycin sensitivity using replica plating, as described in Section 
2.14. Cluotnoson1al DNA from each apratnycin sensitive colony was isolated and 
checked by PCR. The positions of the prhners and expected size of the products are 
shown in Figtu·e 3.8. Those colonies which give the expected size PCR products were 
ftuther analysed by Southern hybridization. The Southern blot was probed with a 2.0 kb 
EcoRI-Xbal digested fragment from pA Wl3. This fi·agn1ent, absAl up, represents the 
upstream region of the absAI gene and is predicted to remain intact in the absAIA2 
deletion tnutant cluotnosotne. Figtue 3.4 and Figure 3.5 show the expected size of bands 
for the wild-type and tnutant strains. It can be seen that a 5.5 kb band is present in the 
n1utant strain. The absAIA2deletatlts were designated S. coelicolor MTlll 0f).absAIA2-
AW601, MT1l10/).cdaRabsAIA2-AW701, MTl110/).cdaRabsAIA2-AW707, S. 
coelicolor MT1110/).cdaRabsAIA2-AW711, S. lividans l326/).absAIA2-A W801 and S. 
lividans 1326/).absAIA2-A W803. 
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Figure 3. 7 Construction of a deletion cassette for absAJA2 
1- The plasmid pA W11 was digested with Hindiii and Xbal and used to ligate 1503 
bp fragment 'absA2down'. The ligation mixture was used to transform E. coli XL 1. The 
desired recombinant was designated pA W40. 
NB Digested insert and vectors were gel-purified prior to ligation. 
Not all restriction sites are shown. 
Restriction maps are not drawn to scale. 
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Figure 3.8 Schematic diagram to show the bands expected in Southern hybridization and 
the PCR to prove whether the 2.1 kb fragment in the absAJA2 had been deleted from the 
chromosome of S. coelicolor MTlllO. 
Note: not drawn to scale. 
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3.3 Deletion of the absA2 from S. coelicolor chromosome 
The deletion strategy devised to delete absA2 frmn the Streptomyces chrotnosome is 
displayed in Figure 3.9. The disruption was canied out as an in-frame deletion. It 
involved the cloning of flanking regions ofthe absA2 gene in pKC1132 (Figure 3.10). 
3.3.1 The absA2 deletion construct 
The satne strategy was adopted to tnake an independent deletion of the absA2 
gene. A 1757 bp fragtnent containing part of the N-tenninal coding sequence and 
upstream region was cloned in pKC 1132. The resulting plastnid was designated pA W3. 
A 1503 bp fragtnent covering the downstream region of absA2 and part of the C-terminal 
coding region was atnplified and cloned at Xbai-Hindlii sites of pA W3. The plasmid 
obtained was natned pA W33. The schen1e of plasmid construction is shown in Figure 
3.10. 
3.3.2 Deletion of absA2 from the Strepton1yces chromosome 
Plastnid pA W33, obtained from E. coli ET12567, was used to transfonn fresh 
protoplasts of S. coelicolor MT111 0. Primaty transfonnants were selected using 
apratnycin. Two apran1ycin transfonnants were plated onto MS agar and grown for three 
rounds of sporulation. Colonies displaying apratnycin sensitivity were identified using 
replica plating, as described in Section 2.14. Chrotnosomal DNA frotn each apran1ycin 
sensitive colony was isolated and checked by PCR. The positions of the pritners and 
expected size of the products are shown in Figure 3 .11. Those colonies which gave the 
expected size products were further analysed by Southern hybridization. The Southern 
blot was probed with a 2.0 kb EcoRI-Xbal digested fragment frmn pA W13. This 
fragtnent, absA 1 up represents the upstreatn region of the absAJ gene and was predicted 
to retnain intact in the absA2 mutant clu-otnosmne. The Figure 3.11 shows the expected 
size of band in wild-type and tnutant strains. It can be seen that a 7.0 kb band is present 
in the tnutant strain (Figure 3.5, lane 4). The absA2 deletant was designated S. coelicolor 
ｍｔＱＱＱＰｾ｡｢ｳａＲＭａｗＶＱＲＮ＠
Table 3.1 shows the su1nn1ary of the absAJ and absA2 deletion strains created in 
different genetic backgrounds. 
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Figure 3.9 Construction of absA2 deletion mutant, removing 0.62 kb segment within the 
coding sequences. 
Note: not drawn to scale. 
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Figure 3.10 Construction of a deletion cassette for absA2. 
1- The plasmid pKC1132 was digested with EcoRI and Xbal and used to ligate 
the1757 bp fragment absA2up. The ligation mixture was used to transform E. coli XLI. 
Recombinants were screened by Blue/White color selection and the desired recombinant 
plasmid was identified and designated pA W3. 
2- The plasmid pA W3 was digested with Hindiii and Xbal and used to ligate 
the 1503 bp fragment absA2down. The ligation mixture was used to transform E. coli 
XL 1. The desired recombinant was identified and designated pA W3 3. 
NB Digested insert and vectors were gel-purified prior to ligation. 
Not all restriction sites are shown. 
Restriction maps are not drawn to scale. 
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Figure 3.11 Schematic diagram to show the bands expected in Southern hybridization 
and the PCR to confirm whether the 0.62 kb segment in absA2 had been deleted from the 
chromosome of S. coelicolor MTlll 0. 
Note: not drawn to scale. 
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Table 3.1 Stuntnary of the absA deletions created in different genetic backgrounds. 
Parent strain Deletion (in-frame) Designated name 
S. coelicolor MTlllO absAJA2 AW601 
S. coelicolor MTlll 0 absA2 AW612 
S. coelicolor MT1110b..cdaR absAJA2 AW701 
S. coelicolor MT1110b..cdaR absAJA2 AW707 
S. coelicolor MT1110b..cdaR absAJA2 AW711 
S. coelicolor MT1110b..cdaR absAJ AW714 
S. lividans 1326 absAJA2 AW801 
S. lividans 1326 absAJA2 AW803 
S. lividans 1326 absAJ AW811 
S. lividans 1326 absAJ AW813 
S. lividans 1326 absAJ AW814 
S. lividans 1326 absAJ AW815 
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Chapter 4: Results and Discussion II: 
Phenotypic analysis of wild-type and absA mutants 
of S. coelicolor and S. lividans 
4.1 CDA production by absAJA2 and absA2 mutants of S. coelicolor 
To check the effect of absAJA2 and absA2 deletions inS. coelicolor on CDA 
production, tnutant strains were checked by tlu·ee different experin1ents. 
4.1.1 CDA plate bioassay to assess early CDA production in absA mutants 
One of the ilnportant known effects of deletion tnutations in the AbsA system is 
the early production of antibiotics, including CDA (Anderson et al., 2001). To confinn 
whether this phenotype applied to absA deletants in the wild-type MT111 0 background 
CDA production was exan1ined. Titred spores (106) of MT1110, ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＭ
AW601 and ｍｔｬｬｬｏｾ｡｢ｳａＲＭａｗＶＱＲ＠ strains were spotted on ONA plates and incubated 
for 18 h. Then soft ONA containing Micrococcus luteus and 60 111M Ca2+ was overlaid 
and incubated overnight. It can be seen fr01n Figure 4.1 that CDA production started 
earlier in both ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＭａ＠ W601and ｍｔＱＱＱＰｾ｡｢ｳａＲＭａ＠ W612. A very stnall 
zone of antibiosis also appeared in wild-type but it was very small relative to both 
tnutants. 
In another experin1ent triplicate ONA plates were spotted with spores and 
incubated for 24 h and then overlaid with soft ONA and indicator strain. Figure 4.2 
shows the results of those observations. It can be seen that in the Ca2+ suppletnented plate 
tnore CDA is produced by S. ｣ｯ･ｬｩ｣ｯｬｯｲｾ｡｢ｳａｊａＲ＠ than S. ｣ｯ･ｬｩ｣ｯｬｯｲｾ｡｢ｳａＲＮ＠
ｾ｡｢ｳａｊａＲ＠ tnutants created in S. ｣ｯ･ｬｩ｣ｯｬｯｲｾ｣､｡ｒ＠ were also checked for early 
CDA production. It can be seen in Figure 4.3 that at 22 h no CDA production was 
observed in any mutant or in the parental strainS. ｣ｯ･ｬｩ｣ｯｬｯｲｾ｣､｡ｒＮ＠
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Figure 4.1 CDA plate bioassay of S. coe/ico/or MT1110, S. coe/icolor 
ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ AW601 and S. coe/icolor ｍｔＱＱＱＰｾ｡｢ｳａＲ＠ to assess early CDA 
production. 
Titred spores (106), from each strain to be tested were washed twice with sterile water 
and spotted on ONA plates. The spores were incubated at 30 °C for 18 hand then 
overlaid with 5 ml of soft ONA containing 106 CFU/ml M luteus and 60 mM Ca2+ (left). 
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Figure 4.2 CDA plate bioassay of S. coelicolor MTlllO, ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＭａ＠ W601 and ｍｔＱＱＱＰｾ｡｢ｳａＲＭａｗＶＱＲＮ＠
Titred spores (1 06), from each strain to be tested were washed twice with sterile water and spotted on ONA plates. The spores were 
incubated at 30 °C for 24 hand then overlaid with 5 ml of soft ONA containing 106, CFU/ml M luteus plus 60 mM Ca2+. Triplicate plates 
are shown. 
With Ca2+ Without Ca2+ 
MT1110 
MT111 0.:\ absA 1A2 
AW601 
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Figure 4.3 CDA plate bioassay of S. coelicolor MT1110, MT1110fj,cdaR, 
MT1110fj,cdaRabsAJA-AW701 MT1110fj,cdaRabsAJA2-A W707 and 
MT111 0fj,cdaRabsAJA2-A W711. 
Titred spores ( 1 06) , from each strain to be tested were washed twice with sterile water 
and spotted on ONA plates. The spores were incubated at 30 °C for 22 h and then 
overlaid with 5 ml of soft ONA containing 106 CFU/ml M luteus also including 60 mM 
(left plate). 
4.1.2 CDA production on cellophane-covered ONA plates 
CDA production was also examined on cellophane covered plates. Titred spores 
of MT111 0, MT111 0fj,absAJA2 and MT111 0fj,absA2 were spotted and incubated for 18 
h. Then the cellophane was removed and the base plate overlaid with the sensitive 
indicator culture. It can be seen in Figure 4.4 and Figure 4.5 that both mutant strains had 
started to produce CDA in Ca2+ supplemented plates at 18 h but no CDA was detected 
from MT1110. 
4.1.3 CDA production by plate-grown cultures 
The effect of absA mutations on CDA production was originally demonstrated by 
taking agar plugs with surface grown culture, transferring them to a new agar plate and 
overlaying with soft ONA containing the sensitive indicator strain (Anderson et a/., 
2001). To verify these observations for MT1110fj,absAJA2 and MT1110fj,absA2, titred 
spores (1 09) were spread on ONA plates to make the lawn and incubated for 41 h as 
reported earlier (Anderson eta/. , 2001). 
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(a) Cellophane-covered ONA plates after 18 h incubation at 30 °C (base facing upwards) 
b. ONA plates overlaid with soft ONA and 60 mM Ca2+ (left) 
Figure 4.4 Demonstration of early CDA production on cellophane covered ONA by S. 
coelicolor MT111 OfiabsAJA2-A W601. 
Spores, (1 06) of each strain to be tested were washed twice with sterile water and spotted 
on two cellophane covered ONA plates. The spores were incubated at 30 °C for 18 h then 
cellophane was removed and overlaid with 5 ml of soft ONA containing 106 CFU/ml M. 
luteus also including 60 mM Ca+2 (left). 
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b. ONA plates overlaid with soft ONA and 60mM Ca +2 (left) 
Figure 4.5 Demonstration of early CDA production on cellophane covered ONA by S. 
coelicolor MT1110 ｾ｡｢ｳａＲ＠ AW612. 
Spores (1 06) of each strain to be tested were washed twice with sterile water and spotted 
on two cellophane covered ONA plates. The spores were incubated at 30 °C for 18 h then 
cellophane was removed and overlaid with 5 ml of soft ONA containing 106 CFU/ml 
Micrococus luteus also including 60 mM Ca+2 (left). 
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a. Triplicate ONA plates overlaid with soft ONA and 60 mM Ca2+ 
b. ONA plates without Ca2+ supplementation 
Figure 4.6. Production ofCDA by S. coelicolor MTlllO, ｍｔｬｬｬｏｾ｡｢ｳａｊａＲＭ
A W601and ｍｔｬｬｬｏｾ｡｢ｳａＲＭａ＠ W612 by plate-grown cultures. 
Titred spores (109) of each strain were spread on ONA plates and incubated for 24 hat 30 
°C. After this incubation period plugs from the cultured lawns were cut and placed on 
fresh ONA plates. Soft ONA containing M luteus and 60 mM Ca +2 (a) was overlaid and 
plates were incubated overnight. 
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After incubation, plugs of the growth were cut and placed on fresh ONA plates and 
overlaid by soft ONA and sensitive strain and incubated overnight. However, CDA 
activity could not be distinguished as pigtnented antibiotics had statted to be produced. In 
order to avoid actinorhodin and tmdecylprodigiosin production the incubation tilne was 
reduced to 24 h; it can be seen in Figure 4.6 that by 24 h CDA production had started not 
only in the MTlllOt:,.absA1A2-AW60l and MTlllOt:,.absA2-A W612 tnutants but also in 
the parental strain, MT 111 0. 
4.2 CDA production by !labsAJA2 and !labsAJ mutants of S. lividans 1326 
The effects of absA tnutations on CDA production were also checked in S. 
lividans, cotnparing with the parental wild-type strain, 1326. 
4.2.1 CDA plate bioassay of S. lividans derivatives 
The AbsA systen1 negatively controls CDA production inS. coelicolor. To check 
whether it plays the satne role in S. lividans a CDA plate bioassay was perfonned with 
different deletion strains. These strains were S. lividans 1326t:,.absA 1-811, 1326t:,.absA 1-
814, 1326!labsA1-815, l326t:,.absA1A2-801and 1326t:,.absA1A2-803. Titred spores (106) 
were spotted on ONA plates and incubated for 18 h prior to overlaying with indicator 
strain (Figtu·e 4. 7). It can be seen that all strains tested produced CDA at 18 h. 
l326t:,.absA1A2-AW801 produced a very low amount of CDA con1pared to the other 
strains tested. All the tnutant strains produced less CDA than S. lividans 1326. 
4.2.2 CDA production by S. lividans on cellophane-covered ONA plates 
CDA production following growth on cellophane was also tneasured. 
l326t:,.absA1-A W811, 1326ilabsAJ-A W814 and 1326t:,.absAJ-A W815 were checked. 
Titred spores (1 06) were spotted on cellophane covered ONA and grown for 18 h. It can 
be seen frotn Figure 4.8 that S. lividans 1326 produced 1nore CDA after 18 h than absA1 
mutants. 
4.2.3 CDA production from agar plugs of plate-grown cultures 
CDA production during growth on ONA was also checked. Titred spores (1 06), of · 
S. lividans 1326, S. lividans 1326t:,.absA1 tnutants (AW811, AW814, AW815) and S. 
lividans l326ilabsAJA2 1nutants (A W801, A W803) were spread on ONA plates and 
incubated for 24 h. After incubation plugs of growth were cut and put on fresh ONA 
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plates and overlaid with soft ONA containing the indicator strain and incubated 
overnight. It can be seen in Figure 4.9 that all strains tested had started to produce CDA 
except one instance. 
Figure 4.7 CDA plate bioassay of S. lividans 1326, ＱＳＲＶｾ｡｢ｳａｊａＲＭａｗＸＰＱＬ＠
ＱＳＲＶｾ｡｢ｳａｊａＲＭａ＠ W803, ＱＳＲＶｾ｡｢ｳａｊＭａ＠ W811, ＱＳＲＶｾ｡｢ｳａｊＭａ＠ W814 and ＱＳＲＶｾ｡｢ｳａｊﾭ
AW815. 
Spores (1 06), from each strain to be tested were washed twice with sterile water and 
spotted on ONA plates. The spores were incubated at 30 °C for 18 h and overlaid with 5 
ml of soft ONA containing 10 CFU/ml M luteus also including 60 mM Ca2+ (left). 
Figure 4.8 CDA production on cellophane covered ONA by S. lividans 1326, 
ＱＳＲＶｾ｡｢ｳａｊＭａｗＸＱＱＬ＠ ＱＳＲＶｾ｡｢ｳａｊＭａｗＸＱＴ＠ and ＱＳＲＶｾ｡｢ｳａｊＭａｗＸＱＵＮ＠
Spores, (1 06) of each strain to be tested were washed twice with sterile water and spotted 
on two cellophane covered ONA plates. The spores were incubated at 30 °C for 18 h then 
cellophane was removed and overlaid with 5 ml of soft ONA containing 106 CFU/ml M. 
luteus also including 60 mM ca+2 (left). 
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1326 ＱＳＲＶｾ｡｢ｳａＱＭ
AW811 
ＱＳＲＶｾ｡｢ｳａＱａＲ＠ ＱＳＲＶｾ｡｢ｳａＱＭ
-AW801 AW814 
ＱＳＲＶｾ｡｢ｳａ＠ 1 A2 ＱＳＲＶｾ｡｢ｳａ＠ 1-
-AW803 AW815 
(a) (b) 
Figure 4.9 Production ofCDA by S. lividans 1326, 132611absAJA2-AW801 , 132611absAJA2-A W803, 132611absAJ-AW811 , 132611absAJ-
A W814 and 132611absA-AW815 by surface-grown cultures. 
Titred spores (1 09) of each strain were spread on ONA plates and incubated for 24 h at 30 °C. After incubation period agar plugs from the grown 
cultures were cut and placed on fresh ONA plates. Soft ONA containing M luteus and 60 mM Ca2+ (a) was overlaid and plates were incubated 
overnight. 
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4.3 Pigmented antibiotic production by surface-grown cultures 
Five different growth media were used to check pigtnented antibiotic production 
by the wild-type and absA tnutants. These media included R2YE, Oxoid nutrient agar 
(ONA), Mannitol Soya flour agar (MSA), SMMS agar and SpMR agar. 
4.3.1 S. coelicolor MTlllO and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＭａ＠ W601 
On R2YE agar Red production was observed at 16 h in AW601 and at 17 h in the 
wild-type. This observation is smnehow different frmn an earlier report by Brian et al., 
(1996) who repotied the pretnature production of Red in an absA tnutant. They observed 
6-12 h earlier production of Red in an absA mutant strain which they constructed in S. 
coelicolor J1501 by replacing atnino acids 47 (Leu) to 502 (Arg) of the absAJ gene with 
the resistance tnarker ermE (Brian, et al., 1996). The exact titning of Red production by 
the resulting tnutant, C420 on R2YE was not reported. Act was produced at 39 h in A W-
60 1 (Fig.4.1 0) while in the wild-type it was observed to appeared at 48 h (Fig. 4.11 ). The 
runount of Act produced by AW601 was tnore con1pared to wild-type at late hours of 
growth (Fig. 4.12 and Fig. 4.13). On ONA, Red production was observed at 18 hand was 
produced by both the wild-type and A W601 at the satne time with no pretnature 
production observed. Act production was observed at 120 h by both wild-type and 
AW601 and the atnount of Act produced was sitnilar in both strains (Fig.4.13). On 
SMMS and MSA Red pigment was observed after 96 h of incubation (Fig. 4.12) while 
after Act production was observed after 5 days of incubation by both strains (Fig. 4.13). 
In another experitnent, pigtnented antibiotic production was observed on R2YE, 
cellophane-covered R2YE and SpMR agar (Anderson et al., 2001). The absA n1utants 
have been shown to display Pha (grecocious hyper production of f!:ntibiotics) phenotype 
on SpMR agar (Anderson et al., 2001 ). Fig.4.14 shows the results of the 96 h incubation. 
It can be seen that on cellophane-covered R2YE more Act is produced by both A W -601 
and A W -612 (MTlll ｏｾ｡｢ｳａＲＩ＠ cotnpared to the wild-type. On SpMR no difference was 
observed and all strains produced the satne atnount of Act as judged by direct visual 
observation. 
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In another experiment pigmented antibiotic production by MT1110D.absA2 (A W-
612) was analysed on cellophane covered R2YE, ONA and SMMS. Results after 72 h of 
incubation show that more Act was produced on R2 YE by both A W -612 and A W -601. 
Figure 4.10 Phenotype analysis of S. coelicolor MT1110 and MT1110D.absAJA2-
AW601. 
Titred spores (109), of the strain to be tested were spotted on R2YE, ONA, SMMS and 
MS agar. The plates were incubated at 30 °C for 39 h. 
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Figure 4.11 Phenotype analysis of S. coelicolor MTlllO and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠
AW601. 
Titred spores (109), of the strain to be tested were spotted on R2YE, ONA, SMMS and 
MS agar. The plates were incubated at 30 °C for 48 h. 
Key: 
MTIIIO MTIIIO 
8 G 
!iabsAJA2 !iabsAIA2 
AW601 AW601 
MTlllO MTIIIO 
8 G 
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Figure 4.12 Phenotype analysis of S. coelicolor MTlllO and MTlll0!1absAJA2 
AW601. 
Titred spores (1 09), of the strain to be tested were spotted on R2YE, ONA, SMMS and 
MS agar. The plates were incubated at 30 °C for 96 h. 
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Figure 4.13 Phenotype analysis of S. coelico/or MT1110 and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠
AW601. 
Titred spores (109), of the strain to be tested were spotted on R2YE, ONA, SMMS and 
MS agar. The plates were incubated at 30 °C for 120 hand before taking picture 
fumigated with ammonia solution for 5 minutes. 
Key: 
MTlllO 
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ll.absAJA2 
AW601 
MTlllO 
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Figure 4.14 Phenotype analysis of S. coelicolor MTlllO, MTIIIO!iabsAJA2 A W601 
and MTlllO!iabsA2 AW612. 
Titred spores (1 09) , of the strains to be tested were spotted on R2YE, cellophane covered 
R2YE and SpMR agar. The plates were incubated at 30 °C for 96 h. 
Key: 
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Figure 4.15 Phenotypic analysis of S. coelicolor MTlllO, MTlll06.absAJA2-A W601 
and MTlll06.absA2-A W612. 
Titred spores ( 1 09), of the strains to be tested were streaked on cellophane covered 
R2YE, ONA and SMMS agar. The plates were incubated at 30 °C for 72 h. 
Key: 
MTlllO MTlllO 
tlabsA2 8 tlabsAJA2 tlabsA2 8 tlabsAJA2 AW612 AW601 AW612 AW601 
MTlllO 
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(Fig.4.15). This observation is in agreetnent with previous studies on the AbsA systetn, 
where it was shown that both 1nen1bers of the AbsA systetn are required to exert their 
effect. Independent inactivation of either absAJ (sensor kinase) or absA2 (response 
regulator) resulted in the Pha phenotype (Anderson et al., 2001). 
4.3.2 ｍｔｬｬｬｏｾ｣､｡ｒ＠ and ｍｔｬｬｬｏｾ｣､｡ｒ｡｢ｳａＱａＲＭａｗＱＰＱ＠
Pign1ented antibiotic production was also studied in MTlll ｏｾ｣､｡ｒ＠ and 
ｾ｣､｡ｒ｡｢ｳａｊａＲＭａｗＷＰＷ＠ strains. The results of these observations are shown in Figure 
4.16, 4.17, 4.18 and 4.19. Red production was observed at 18 h by ｍｔＱＱＱＰｾ｣､｡ｒ＠ and 
AW707 on R2YE and ONA. ｍｔＱｬＱＰｾ｣､｡ｒ＠ produced Act at 39 h (Fig.4.16) . In A W707, 
Act production started to appear at 48 h (Fig. 4.17). After 96 h, ｍｔＱＱＱＰｾ｣､｡ｒ＠ produced 
slightly 1nore Act than A W707 on R2YE (Fig. 4.18). On ONA A W707 produced slightly 
n1ore Act cotnpared to parent MTlll ｏｾ｣､｡ｒ Ｎ＠ On MSA and SMMS Act was produced by 
both MT111 ｏｾ｣､｡ｒ＠ and A W707 (Fig 4.19). 
4.3.3 S. lividans 1326, !1absA1A2 and tl.absAl mutants 
Act and Red production was also checked for S. lividans 1326 and ｾ｡｢ｳａ＠
derivatives. On R2YE agar both Red and Act production was observed by S. lividans and 
ｾ｡｢ｳａ＠ derivatives (Figures 4.20, 4.21 and 4.22). There was no early Red or Act 
production observed by any of the absA mutant. 
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Figure 4.16 Phenotype analysis of S. coelicolor MTlll 0/:lcdaR and 
MTlllO!:lcdaRabsAJA2 AW707. 
Titred spores (1 09), of the strain to be tested were spotted on R2YE, ONA, SMMS and 
MS agar. The plates were incubated at 30 °C for 39 h. 
Key: 
MT11106.cdaR MT Ill 06-cdaR 
G 8 
6-cdaRabsA 1 A2 6-cdaRabsA 1 A2 
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Figure 4.17 Phenotype analysis of S. coelicolor MTlll 0!1cdaR and 
MTlll0!1cdaRabsAJA2 AW707. 
Titred spores (109), of the strain to be tested were spotted on R2YE, ONA, SMMS and 
MS agar. The plates were incubated at 30 °C for 48 h. 
Key: 
MT 111 O!lcdaR MT111 O!lcdaR 
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Figure 4.18 Phenotype analysis of S. coelicolor MTlll 0!1cdaR and 
MTlll 0!1cdaRabsAJA2 A W707. 
Titred spores (109), of the strain to be tested were spotted on R2YE, ONA, SMMS and 
MS agar. The plates were incubated at 30 °C for 96 h. 
Key: 
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Figure 4.19 Phenotype analysis of S. coelicolor MTlll Ojj.cdaR and 
MTIIIOjj.cdaRabsAJA2 AW707. 
Titred spores (109) , of the strain to be tested were spotted on R2YE, ONA, SMMS and 
MS agar. The plates were incubated at 30 °C for 120 h and before taking picture 
fumigated with ammonia solution for 5 minutes. 
Key: 
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a. S. lividans 13 26 and 11absA 1 A2 strains (top of plates) 
Key: 1326 1326 
llabsAIA2 G llabsAIA2 llabsAIA2 8 llabsAJA2 AW801 AW803 AW801 AW803 
b. S. lividans 1326 and !1absAJA2 strains (bottom of plates) 
Key: 
1326 1326 
llabsAIA2 8 llabsAIA2 llabsAJA2 8 llabsAIA2 AW803 AW801 AW803 AW801 
Figure 4.20 Phenotypic analysis of S. lividans 1326, S. lividans 1326!1absAJA2-A W801 
and S. lividans1326!1absAJA2-A W803. 
Titred spores, (109) of the strains to be tested were spotted on R2YE and SpMR agar. The 
plates were incubated at 30 °C for 96 h. 
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Key: 
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b. S. lividans 1326 and !l.absAJ strains (bottom of plate) 
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Figure 4.21 Phenotypic analysis of S. lividans 1326, S. lividans!l.absAJ-A W811 S. 
lividans!l.absAJ-AW8l4 and S. lividans!l.absAJ-A W815. 
Titred spores (109), of the strains to be tested were spotted on R2YE and SpMR agar. The 
plates were incubated at 30 °C for 96 h. 
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Figure 4.22 Phenotypic analysis of S. lividans 1326, S. lividans(),.absAl-AW811, S. 
lividans(),.absAJ-AW814, S. lividans(),.absA1-AW815, S. lividans(),.absAJA2-AW801 and 
S. lividans/),.absAJA2-A W803. 
Titred spores (109), of the strains to be tested were spotted on R2YE agar. The plates 
were incubated at 30 °C for 5 days and fumigated with ammonia solution before taking 
picture. 
Key: 
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AW811 
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flabsAJ 
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AW815 
6absAJA2 
AW803 
1326 
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4.4 Pigmented antibiotic production in liquid R2YE 
Nulltnutations in the absA locus result in the precocious hyper production of 
antibiotics inS. coelicolor (Brian et al., 1996). Deletion tnutants in absA locus were 
analysed for actinorodin (Act) and undecylprodigiosin (Red) production. Spores of S. 
coelicolor MT1110, ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＭａｗＶＰＱＬ＠ ｍｔＱＱＱＰｾ｣､｡ｒ＠ and 
ｍｔＱＱＱＰｾ｣､｡ｒ｡｢ｳａｊａＲＭａｗＷＰＷ＠ were grown in liquid R2YE. The 24 hold cultures were 
divided and used to inoculate three flasks for each strain. 
4.4.1 S. coelicolor MTlllO and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＭａ＠ W601 
. Red production started at 18 h in A W -601 while in the wild-type it started to 
appear at 24 h (Fig. 4.23). This observation is in agreement with the previous observation 
of early and premature Red production in an absA tnutant derivative of strain J150 1 
(Brian, 1996). The peak level of Red production was observed at 60 h in both wild-type 
and A W -601. The maximutn an1ount of Red production recorded was 1 tng/ g dry weight 
bimnass for A W-601 cmnpared to 0.6 tng/ g dry weight biotnass for the wild-type. Act 
was produced at 32 h in A W -601 and reached its peak level at 70 h (Fig. 4.25). 
Act production in wild-type started to appear at 36 h and reached a peak level at 
70 h (Fig. 4.25). The tnaxilntml concentration of Act produced by A W -601 was 3.3 tng/ 
g of dry weight bimnass at 70 h compared to 1. 7 n1g/ g of dry weight biomass by wild-
type. Late satnples (93 h) showed ahnost no difference in Act and Red production. Brian 
et al., (1996) tneasured the atnount of Red and Act produced by the parental strain S. 
coelicolor J1501 and an absAJ tnutant, C420, on R2YE plates. They reported 6-12 h 
earlier production of both Act and Red antibiotics cmnpared to the parent strain 11501. 
After 75 h of incubation, the C420 culture produced five fold tnore Act and eight fold 
more Red with respect to atnounts produced by the parent strain 11501. 
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Figure 4.23 Production of undecylprodigiosin (RED) by S. coelicolor MT111 0 and 
MT1110t1absAJA2-A W601 on liquid R2YE. 
Spores (1 09) of MT111 0 and MT111 Ot1absAJA2-A W601 were used to inoculate 30 ml of 
liquid R2YE and incubated in an orbital shaking incubator at 180 rpm for 24 hat 30 °C. 
After incubation, the culture of each flask was divided and transferred ＨｾＸ＠ ml) to 3 flasks 
each containing 120 ml of liquid R2YE and incubated at 30 °C. Samples (5 ml) from 
each flask were removed at time points indicated in the graph and processed for Red 
measurement. Each data point represents the average value of the triplicate measurement. 
The bars show the standard deviation between the replicates. 
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Figure 4.24 Production of undecylprodigiosin (RED) by S. coelicolor MT111 Ot1cdaR 
and MT1110L1cdaRabsAJA2-AW707 on liquid R2YE. 
Spores (109) of S. coelicolor MT1110t1cdaR and MT1110t1cdaRabsAJA2-A W707 were 
inoculated in 30 ml of liquid R2YE and incubated in an orbital shaking incubator at 180 
rpm for 24 h at 30 °C. Following incubation cultures were processed as described in 
legend of Figure 4.23. Each data point represents the average value of the triplicate 
measurement. The bars show the standard deviation between the replicates. 
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Figure 4.25 Production of actinorhodin by S. coelico/or MT1110 and MT1110!1absA JA2 
on liquid R2YE. 
Spores (1 09) of MT111 0 and MT111 0!1absA JA2-A W60 1 were used to inoculate 30 ml of 
liquid R2YE and incubated in an orbital shaking incubator at 180 rpm for 24 h at 30 °C. 
After incubation the culture of each flask was divided and transferred (::::::8 ml) to 3 flasks 
each containing 120 ml of liquid R2YE and incubated at 30 °C. 5 ml of samples from 
each flask was removed at time points indicated in the graph and processed for 
actinorhodin measurement. Each data point represents the average value of the triplicate 
measurement. The bars show the standard deviation between the replicates. 
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Figure 4.26 Production of actinorhodin by S. coelicolor MTlll Ol:lcdaR and 
MTlll OflcdaRabsAJA2-A W707 on liquid R2YE 
100 
Spores (109) of S. coelicolor MTlllOI:lcdaR and MTl110flcdaRabsAJA2-AW707 were 
inoculated in 30 ml of liquid R2YE and incubated in an orbital shaking incubator at 180 
rpm for 24 hat 30 °C. Following incubation cultures were processed as described in the 
legend of Figure 4.25. Each data point represents the average value of the triplicate 
measurement. The bars show the standard deviation between the replicates. 
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4.4.2 ｍｔｬｬｬｏｾ｣､｡ｒ＠ and ｍｔＱＱＱＰｾ｣､｡ｒ｡ｨｳａｊａＲＭａ＠ W707 
An in-frmne deletion of the absA locus was also constructed in an 
ｍｔＱＱＱＰｾ｣､｡ｒ＠ strain (Hayes, 2001). MT1110cdaR has a 732 bp in-frmne deletion in the 
cdaR gene, an activator of the cda cluster (Hayes, 2001; Mersinias, 2004 ). This strain 
was used to construct an in-fratne deletion of absAJA2 and the resulting strain was 
nmned A W-707 ＨｍｔｉｉＱＰｾ｣､｡ｒ｡｢ｳａｉａＲＩＮ＠ The purpose of constructing this strain was to 
exmnine the phenotype characteristics of an absA 1A2 tnutation in a ｾ｣､｡ｒ＠ background. 
Spores of both strains were used to inoculate R2YE liquid tnedhun and incubated 
for 24 h and the culture was divided and used to inoculate triplicate flasks containing 
fresh R2YE tneditun. The samples for pigtnented antibiotic assays were taken and 
processed as described in sections 2.17 .1 and 2.17 .2. The results of antibiotic production 
and growth curve tneasuretnents are presented in Figures 4.24, 4.26 and 4.32. 
Red production in A W707 stmied at 18 h and reached a peak level at 48 h (Fig. 
4.24). Red production in ｍｔＱＱＱＰｾ｣､｡ｒ＠ also initiated at 18 hand reached a peak level at 
48 h. The mnount of Red produced by A W707 was ahnost double con1pared to the parent 
ｍｔｬｬｬｏｾ｣､｡ｒ＠ strain; that is 5.4 1ng/g dry weight biotnass in A W707 cotnpared to 3 tng/ 
g dry weight biotnass in MTlll ｏｾ｣､｡ｒ＠ strain. 
Actinorhodin production started at 30 h in both MTlll ｏｾ｣､｡ｒ＠ and A W707 (Fig. 
4.26). The mnount produced by MTlll ｏｾ｣､｡ｒ＠ was tnore than A W707 with a peak level 
noted at 70 h of 7 tng/g dry weight bion1ass cotnpared to 5 n1g/ g dry weight biotnass in 
A W707. Although the replicates originated from the satne seed culture there were 
differences in both the growth curves and the pigtnented antibiotics produced. 
4.5 Growth curves of MT1110 and ｍｔＱＱＱＰｾ｡ｨｳａｊａＲＭａ＠ W601 
On R2YE liquid, the growth curves of MTlllO and A W601 appeared sitnilar 
(Fig. 4.27). The tnaxitntun growth was observed at 60 h of cultivation in MTlll 0 and 
AW601. ｾ｡｢ｳａｊａＲＭａｗＶＰＱ＠ produced undecylprodigiosin at 18 h in contrast to MTlllO, 
which produced undecylprodigiosin at 24 h. Actinorhodin (Blue) appeared at 32 h in 
A W601, four hours earlier than MTlllO. The growth curves of MTlllO and 
MTlll ｏｾ｡｢ｳａｊａＲ＠ on cellophane-covered R2YE plates have been shown in Figures 4.28 
and 4.29 respectively. The tnaxitnun1 growth was observed at 72 h of cultivation in both 
strains. There was no stationary phase observed in any of the two strains. This is because 
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R2YE is a rich medium and if samples were taken at later hours a stationary phase might 
have been observed. 
The growth curves of MT1110 and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ on cellophane-covered 
ONA have been shown in Figures 4.30 and 4.31. The maximum growth was observed at 
39 h of cultivation in both strains. 
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Figure 4.27 Growth curve of S. coelicolor MT111 0 and MT111 ｏｾ｡｢ｳａｊａＲＭａ＠ W601 in 
liquid R2 YE. 
Spores (109) ofMT1110 and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＭａｗＶＰＱ＠ were used to inoculate 30 ml of 
liquid R2YE and incubated at 30 °C in an orbital shaker at 200 rpm for 24 h. After 
incubation, 8 ml of culture was transferred to each of three flasks containing 125 ml 
liquid R2YE and incubated at 30 °C in an orbital shaker. Samples were removed from 
each flask at time points indicated in the graph. To measure the biomass, the mycelia 
were passed through pre-weighed cellulose acetate filters which were then dried in a 
microwave at full power for 12 min. Dry weight was determined by weighing the filter 
on an analytical balance. At each time point, two samples were taken from each triplicate 
flask and its growth measured; the total average of the averages from each flask is plotted 
on the graph. The times at which undecylprodigiosin (Red) and actinorhodin (Act) 
pigments were first visible are noted with arrows. 
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Figure 4.28 Growth curve of S. coelicolor MTlllO on R2YE plates overlaid with 
cellophane. 
Spores of S. coelicolor MT1110 were pre-germinated by growing in DYT at 30 °C for 9 
h. The germinated spores were then inoculated onto R2YE plates overlaid with 
cellophane discs (3 x 106 germ tubes per plate). The cultures were incubated at 30 °C and 
then dry weight was measured at the time points indicated in the graph. To measure the 
biomass, the mycelia were scraped off the plate onto a pre-weighed glass slide. The slide 
was heated in a microwave at full power for 12 min and the dry weight determined by 
weighing on a fme balance. At each time point, the growth from three plates was 
measured, and the average of these values plotted on the graph. 
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Figure 4.29 Growth curve of S. coelicolor MT111 Ot1absAJA2-A W601 on R2YE plates 
overlaid with cellophane. 
Spores of MT1110!1absAJA2-AW601 were grown and harvested as described in the 
legend of the Figure 4.28. Each data point on the graph represents the average value of 
triplicate measurements. 
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Figure 4.30 Growth curve of S. coelicolor MTlllO on ONA plates overlaid with 
cellophane. 
Spores of MTlll 0 were grown and harvested as described in the legend of Figure 4.28. 
Each data point on the graph represents the average value of triplicate measurements. 
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Figure 4.31 Growth curve of S. coelicolor MT1110!1absAJA2-AW601 on ONA plates 
overlaid with cellophane. 
Spores of MTlll0!1absAJA2-A W601 were grown and harvested as described in the 
legend of Figure 4.28. Each data point on the graph represents the average value of 
triplicate measurements. 
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Figure 4.32 Growth curve of S. coelicolor MTlllO!).cdaR and MT1110f).cdaRabsAJA2-
A W707 in liquid R2YE. 
Spores of S. coelicolor MTlll Qf).cdaR and MTlll Qf).cdaRabsAJA2-A W707 were grown 
in 30 ml of liquid R2YE and processed as in Figure 4.27. The times at which 
undecylprodigiosin (Red) and actinorhodin (Act) pigments were first visible are noted 
with arrows. 
4.6 Differentiation in &lbsA mutants 
To check the effects of absA deletions on morphological differentiation and 
sporulation, spores of parental strains (MTlllO wild-type, MT1110f).cdaR and S. 
lividans 1326) and different absA mutants were streaked on R2YE. Figures 4.33, 4.34 
and 4.35 show the results where it can be seen that all strains produced spore and there 
was no obvious difference in sporulation observed between parental strains and f).absA 
derivatives. 
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S. coelicolor MTlll 0 MTlllO!labsAJA2-AW60l 
MTlllO!labsA2-AW6l2 
Figure 4.33 Phenotypic analysis of S. coelicolor MTlll 0, MTlllO!labsAJA2-A W601 
and MTlllOL\absA2-AW6l2 
Spores of each strain were streaked on R2YE plates and incubated at 30 °C for 6 days. 
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S. coelicolor MTlll ｏｾ｣､｡ｒ＠ ｍｔｬｩｩｏｾ｣､｡ｒ｡｢ｳａｊａＲＭａ＠ W701 
MTlll ｏｾ｣､｡ｒ｡｢ｳａｊａＲＭａ＠ W707 ｍｔｬｩｩｏｾ｣､｡ｒ｡｢ｳａｊａＲＭａｗＷｬｬ＠
Figure 4.34 Phenotypic analysis of S. coelicolor ｍｔｉｉｉｏｾ｣､｡ｒ Ｌ＠ ｾ｣､｡ｒ｡｢ｳａｊａＲＭ
AW701, ｾ｣､｡ｒ｡｢ｳａｊａＲＭａｗＷＰＷ＠ and ｾ｣､｡ｒ｡｢ｳａｊａＲＭａｗＷＱＱＮ＠
Spores of each strain were streaked on R2YE plates and incubated at 30 °C for 6 days. 
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S. lividans 1326 ＱＳＲＶｾ｡｢ｳａｊａＲＭａ＠ W801 
ＱＳＲＶｾ｡｢ｳａｊａＲＭａ＠ W803 ＱＳＲＶｾ｡｢ｳａｊＭａ＠ W811 
S. lividans ＱＳＲＶｾ｡｢ｳａｊＭａ＠ W814 S. lividans ＱＳＲＶｾ｡｢ｳａｊＭａｗＸＱＵ＠
Figure 4.35 Phenotypic analysis of S. lividans 1326, ＱＳＲＶｾ｡｢ｳａｊａＲＭａ＠ W801 , 
ＱＳＲＶｾ｡｢ｳａｊａＲＭａｗＸＰＳ Ｌ＠ ＱＳＲＶｾ｡｢ｳａｊＭａｗＸＱＱ Ｌ＠ ＱＳＲＶｾ｡｢ｳａｊＭａｗＸＱＴ＠ and ＱＳＲＶｾ｡｢ｳａｊﾭ
AW815 
Spores of each strain were streaked on R2YE plates and incubated at 30 °C for 6 days. 
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4. 7 Discussion 
4.7.1 Pigmented antibiotic production by S. coelicolor MTlllO, MTlllOAcdaR 
and absA mutants 
One of the in1portant phenotype of absA deletion mutants is the early and hyper-
production of all four antibiotics in S. coelicolor (Brian et al., 1996). Previous work on 
absA has been done inS. coelicolor JI1501 (Brian et al., 1996; Anderson et al., 2001). 
These findings were also observed in absA mutants created in S. coelicolor MTlll 0 
background. Methylenotnycin production could not be checked as MTlll 0 does not 
contain plastnid SCP 1 where biosynthetic genes of the methylenomycin are located. 
Early production of actinorhodin by ｍｔｬｬｬｏｾ｡｢ｳａｊａＲ＠ and MT1110AabsA2 was 
observed on R2YE. Interestingly early and hyper production of Act and Red could not be 
observed on ONA though CDA produced slightly earlier by mutants (A W601 and 
A W 612) on this 1nedium. The reason for this is not known but tnicroarray experiment 
perfonned by RNA extracted from ONA and R2YE grown cultures should identify the 
genes that are differentially regulated on these tnedia. Early production of Red by 
MTll 0AabAJA2 was observed on liquid R2YE but not on R2YE agar. The amount of 
Red produced by !1absAJA2 was ahnost double cotnpared to the MTlll 0. 
Pigmented antibiotic produced by !1cdaR and !1cdaRabsAJA2 showed some 
differences when compared to MTlllO and ｍｔｬｬｬｏｾ｡｢ｳａｊａＲＮ＠ There was no early Red 
production observed in ｾ｣､｡ｒ｡｢ｳａｊａＲ＠ (A W707) as AcdaRMTIIIO also produced Red 
at the same tilne (18 h). The amount of Red produced by A W707 was double cotnpared 
to AcdaRMTlllO. Interestingly the maximmn production of Red for !1cdaRMT1110 was 
found to be 1nore compared to MTlllO (3 mg vs 0.6 mg/ dry weight bio1nass). This 
observation has also been reported by Hayes (2001). Hayes (2001) suggested that the 
overproduction of Red in !1cdaRMT111 0 was due tnetabolic imbalance caused by the 
loss of CDA production. 
Act was produced earlier in !1cdaR compared to A W707 on R2YE agar and 
amount produced on R2YE liquid was n1ore in !1cdaRMTlll 0 con1pared to A W707. 
Future work should include rnicroarray experin1ents with RNA fi·onl R2YE grown 
cultures of AcdaR and ｾ｣､｡ｒ｡｢ｳａｊａＲ＠ and the cmnparing the transcriptmnic data with 
MTlllO and MT1110AabsAJA2 (Chapter 5) to identify differentially expressed genes 
AabsAJA2 tnutations in different backgrotmds (MTlll 0 and MTlll 0!1cdaR) and to help 
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understanding the functional relationships between CdaR and AbsA 11 A2 transcriptional 
regulators. 
4.7.2 Pigmented antibiotic production by S. lividans and absA mutants 
S. lividans is a close relative of S. coelicolor but normally does not produce 
actinorhodin and undecylprodigiosin, or produces the antibiotics at a relatively lower 
level depending on medimn. On R2YE and SpMR agar S. lividans and all absA 1nutant 
derivatives produced Red and actinorhodin. 
The role of the absA locus in S. lividans could not be established as no 
precocious antibiotic production was observed in any absA 1nutant. 
4.7.3 CDA production by S. coelicolor MT1110 and absA mutants 
The absA locus negatively regulates antibiotic production in S. coelicolor (Brian 
et al., 1996). Actinorhodin and undecylprodigiosin are produced pren1aturely in absA 
nulltnutants (Brian eta!., 1996). This systetn also negatively regulates CDA production. 
CDA production was noted 7 h earlier in two different absA tnutants when cmnpared to 
the parent strainS. coelicolor 11501 (Anderson eta!., 2001). One of the n1utant, C530 
was created by retnoving all the functional part of the AbsA1 protein. Another n1utant, 
C550 has leucine at position 202 instead of a conserved histidine that is required for its 
phosphorylation. When the phenotypes of these mutants were checked it was found that 
both tnutants produced CDA at 41 h while the parent strain J1501 produced CDA at 48 h. 
To verify whether premattue CDA production also occurred in absA mutants created in 
the wild-type S. coelicolor MT111 0 and a derivative in which cdaR, the transcriptional 
activator of the cda cluster was removed (Hayes, 2001), CDA bioassays were conducted. 
Three different n1utants checked were MT1110ilabsAJA2-AW601, MT1110LlabsA2-
AW612 and MT1110ilcdaRabsAJA2-AW707. MT1110ilabsAJA2-AW601 and 
MT1110ilabsA2-A W612 produced CDA by at least 2 h earlier than the wild-type on 
ONA. CDA activity was detected by a different method in the present study, that is, by 
spotting the spore suspension. Interestingly, the thning of CDA production was 
determined by placing spores on a cellophane-coated plate. In this case both tnutants 
(ilabsAJA2-A W601 and ilabsA2-A W612) produced CDA at 18 h whereas no CDA could 
be detected fro1n the wild-type. 
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CDA production by agar plug approach was detected at 24 h by MT1110, 
MT1110absAJA2 and MT1110absA2 and no difference in the thning of the CDA 
production was observed. This is in contrast to the earlier observation of Anderson et al, 
(200 1) in which CDA was produced at 41 h in absA mutants and at 48 h by the parent 
Jl50 1. When 41 h used it in the present study it was found that two pigmented antibiotics 
were also produced and it was therefore difficult to check calcimn dependent inhibition 
as M luteus is also inhibited by Act and Red. So the time of incubation was reduced to 
24 h but even at this tin1e all strains produced CDA. 
In the 11cdaR strain and its tlu-ee absAJA2 mutant derivatives (A W701, A W707 
and A W711), CDA was not produced in plate grown culture at 22 h. These observations 
were expected as the activator of the cda locus was retnoved in the test strains. This 
den1onstrates that disruption of absA cruu1ot cotnpensate for the loss of CdaR. 
4.7.4 CDA production by S. lividans and absA mutants 
CDA is produced by S. lividans 1326, absAJA2 tnutants (A W801 and A W803) 
and absAJ mutants (A W811, AW814 and AW815). The difference between the atnount 
of the CDA produced by S. lividans 1326 and the absA n1utants was not significant, at 
least on plate-grown cultures (by standard plate or agar plate bioassay). But on 
cellophane-covered ONA the zone of inhibition created by S. lividans 1326 was tnore 
compared to the absA tnutant strains. If the AbsA systen1 is positively regulating CDA 
production inS. lividans in contrast to its role inS. coelicolor then we would expect these 
findings. But without fiuiher investigation, for exrunple, by n1onitoring expression of 
biosynthetic genes of the cda cluster in wild-type S. lividans and absA mutant in S. 
lividans it is not possible to confinn tins possibility. Previous work on S. lividans (D.A. 
Hopwood, personal con1munication) has suggested that CDA is not produced by S. 
lividans 66, which is ru1 alternative nan1e for S. lividans 1326. Certain mutations in the 
rpsL and rpoB gene of S. lividans have resulted in CDA production by S. lividans 66 
derivatives (Shhna et al., 1996; Hu et al., 2002; Lai et al., 2002). 
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Chapter 5: Results and Discussion III: 
Time-course of gene expression analysis of Streptomyces coelicolor 
MTlllO and a AabsAIA2 derivative 
5.1 Cultivation, and sampling for gene expression analysis 
RNA extracted frotn the surface-grown wild-type MT111 0 S. coelicolor strain 
and a 11absAJA2 tnutant was used for global gene expression profiling by DNA 
1nicroanays. The AbsA two-cmnponent systen1 negatively controls all four antibiotics 
produced by S. coelicolor (Brian et al., 1996). Deletion of either the sensor kinase or the 
response regulator results in the pretnatw·e and hyper-production of all four antibiotics 
(Anderson et al., 2001). To confirn1 and extend these findings an in-fra1ne deletion of the 
absA locus was generated in three different genetic backgrounds: S. coelicolor MT1110, 
S. lividans 1326 and S. coelicolor MT111 0!1cdaR (see Chapter 3) and the effects on the 
transcriptotne of the respective deletion tnutants were analysed. 
The prototrophic MT111 0 strain is a direct derivative of the original S. coelicolor 
A3(2) 1147 isolate; this contrasts with the S. coelicolor J1501derivatives used in the 
absA studies of the Champness group. Initially, the double knockout mutant, 
MT1110L\absAJA2 (designated AW601) was selected for transcriptmnic analysis. This 
strain has an in-frame deletion in absAJA2 (Chapter 3). The deletion produces a 75 
amino acid truncated fusion protein, which contains theN-terminal 63 aa of AbsA1 and 
the C-tenninal 12 aa of AbsA2. This deletion effectively retnoves the essential mnino 
acids of the sensor kinase (AbsAl) and response regulator functions (AbsA2). 
Spores of the S. coelicolor MT1110 and AW601 were pre-germinated and 
inoculated onto the surface of cellophane-covered R2YE agar plates. The cultures were 
grown at 30 °C and smnpled at different intervals from 18 to 72 hours where 1nyceliun1 
was collected for RNA extraction. Total RNA was isolated by using the Qiagen RNA 
isolation kit from seven thne points: 18, 20, 21, 22, 23, 24, 42 and 72 hours. The "RNA 
Protect Bacteria Reagent (Qiagen)" was used to protect RNA san1ples from degradation 
and to stop transcription. Four biological replicates of the thne course experhnent were 
performed for each strain. A 72 h RNA san1ple for Replicate 1 of both strains was not 
obtained. Growth was tnonitored by measuring the dry weight from three plates for each 
tin1e point and the three values were averaged. Growth cwves for each strain are shown 
120 
Chapter 5: Results and Discussion III 
in Fig. 5.1. The quality of isolated RNA preparations was checked by Nanodrop ND-1 00 
spectrophotometer and Agilent Bioanalyzer. Table 5.1 presents the 260nm/280 nm 
absorbance ratios for the RNA preparations from all strains in four replicates. Integrity of 
the RNA samples was analysed using a Bioanalyzer (Agilent). 
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Figure 5.1 Growth curves of S. coelicolor MT1110 wild-type and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ on 
R2YE plates overlaid with cellophane. 
Table 5.1 260 nm/280 nm absorbance ratios of the RNA preparations analysed by 
N D tr h t ano rop spec opJ otom er. 
Time points Replicate 18 h 21 h 22 h 23 h 24 h 42 h 72 h 
1 2.05 2.08 2.09 2.09 2.09 2.04 -----
MT111 0 (wild- 2 2.10 2.10 2.09 2.07 2.07 2.07 2.06 
type) 3 2.11 2.03 2.08 2.09 2.00 2.04 2.06 
4 2.09 2.11 2.09 2.10 2.04 2.03 2.08 
1 2.01 2.07 2.09 2.06 1.96 2.08 -----
ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ 2 2.10 2.09 2.07 2.01 2.09 2.08 2.07 
3 1.97 2.08 2.09 2.08 2.06 2.07 2.06 
4 1.96 2.02 2.07 2.08 2.04 2.06 2.08 
5.2 Microarray hybridisations 
Each of the above RNA samples was reverse transcribed into Cy3-dCTP-labelled 
eDNA while genomic DNA isolated from S. coelicolor M145 was Cy5-dCTP-labelled. 
Each eDNA sample was hybridised against genomic DNA that served as the common 
reference channel for all samples. For all hybridisations, custom whole genome SOmer 
oligo microarrays were used (http://www.surrey.ac.uk/SBMS/FgenomicsQ. The 
incorporation of Cy dye dCTP in each eDNA or gDNA sample was calculated by 
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Nanodrop spectrophotometer. The atnotult of labelled eDNA that was hybridised to each 
tnicroarray was 40 pmoles of Cy3 dCTP for the eDNA satnples and 25 pmoles of Cy5-
dCTP for the genmnic DNA reference satnple. 
5.3 Imaging, data acquisition and analysis 
The slides were scanned using a 428Array dual laser scanner (AffyJnetrix) and 
the TIFF hnage files were first hnported into BlueFuse (BlueGnome) image analysis 
software and the excel files containing all the quantified signal and background for each 
spot in the array was used for subsequent data analysis using GeneSpring data analysis 
software (Agilent Technologies) and R (R Development Core Temn, 2005). Data was 
normalised by the globaltnedian nonnalization. The gene list of normalised data is given 
as Suppletnentary tnaterial. Globaltnediannonnalization takes the globaltnedian value 
of the ratios on an array then divides each individual ratio on that array by the global 
tnedian. It can be seen that local effects and tmeven distribution upon/within the signal on 
the array were not removed after the application of globaltnedian nonnalization. Figure 
5.2 (a) and (b) shows the reconstruction of the itnage before and after global median 
nonnalization. To retnove these effects Block-tnedian normalization was perfonned. 
Block-median normalization takes all the values in a block (a subgrid printed frotn a 
single pin) and calculates the median of all ratios within that block. Then every ratio 
within that block is divided by the tnedian for that block. The result of Block-n1edian 
normalization is shown in Figure 5.2 (c). It can be seen that after Block-median 
nonnalization the distribution of the signal is even across the array. Box plots, showing 
that the mean of all log2 ratios of the arrays is centred upon 0 after Block-1nedian 
normalization compared to the raw data (before norn1alization) can be seen in bottmn and 
top in Figure 5.3. Nonnalisation of data is applied to centre the log2 ratios to 0 (would be 
1 in a linear space) as it is assumed that the majority of genes (thus the n1ean) will not 
have a change in their expression. 
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a. b. c. 
Fig. 5.2 Example reconstruction of the image of the raw data from BlueFuse processed 
file (a), after global median normalization (b), after Block median normalization (c); the 
48 blocks represent the data from the 48 pins of the arrayer head. 
123 
Chapter 5: Results and Discussion III 
(£) 
-.-t 
<C 
:z: 
Cl ('-I 0) 
:;;:c 
:z: 
Cl 
u c=l 
C) 
ｾ＠
N' ｾ＠C) 
_2 
""'r 
(.0 
I 
4 7 10 14 16 22 26 30 34 36 42 46 
Printing blocks of array Sco11.04 
(£) 
r 
I ,. 
"'<!" I I TIT I ,. 
I I I I r I I 
<C I I I IT 1 1 T I 
:z: I I I :: : i: Cl I I I 
0) ('-I I I I I:::: ::a: I I 1 I 
:z: 
Cl 
u c=l 
0 
ｾ＠
ｾ＠ ('-I 
0) I 
_2 
""'r 
(£) 
I 
4 7 10 14 18 22 26 30 34 38 42 46 
Printing blocks of array Sco11.04 
Fig. 5.3 Box plots showing the log2 ratios of signals within the array before (top) and 
after (bottotn) Block-1nedian norn1alization has been applied. 
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5.4 Identification of differentially expressed genes: wild-type versus flabsAJA2 
mutant 
To identify differentially expressed genes between S. coelicolor MT111 0 and 
MTll1011absAJA2 two procedures were used. First, genes were identified by fold-
change (FC) criterion. For ftuther analysis, a more recently introduced tnethod was 
applied called Rank Product (RP) analysis (Breitling et al., 2004). This tnethod has 
several advantages over conventional fold change analysis. FC is an arbitrary tnethod and 
does not define the cut-off values, for example 2-fold or 1.8-fold. Ftu·thennore, it does 
not guarantee that a gene identified by this method is also differentially regulated. The 
RP method is based on the argtunent that a gene in an experiment examining n genes in k 
replicates, has a probability of being ranked first or rank 1 of link if the list were entirely 
random (Jeffery et al., 2006). For Rank Product analysis data for all replicates for all 
genes in the "genes after filtering" list was expo1ted frmn GeneSpring into R (Hong, et 
al., 2006). Pair-wise ratios between all replicates of MT111 0 wild-type and 
MTlll OflabsAJA2 at a patticular tin1e point were calculated within the R package. 
Average fold-change was used to calculate the rank (for both up and down regulation), p-
value and probability of false prediction (pfp) of each gene to be differentially expressed. 
For the analysis of data both n1ethods were used. Essentially, it was observed that 
with the top ranked products frotn the RP analysis the p-value was also low which is 
statistically more significant. RP analysis also offers another parmneter, the probability of 
false positive (pfp) value. The pfp is defined as the chances of a gene occtu1·ing in RP if it 
is not significantly differentially expressed. Table 5.2 shows the co1nparison of genes 
identified by FC criterion and RP with a p-value of <0.005. The number of cmnmon 
genes with 0.005 p-value was less but when the top-1 00 genes ofRP were compared with 
the FC gene lists more genes con1n1on to both analysis were found (Table 5.3 and Table 
5.4). For the Discussion, genes with higher confidence (p-value<0.005) are described but 
in smne cases the stringency was relaxed to <0.05 and interesting genes were identified 
and described. 
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Table 5.2 Comparison of differentially expressed (DE) genes cmnn1only identified by 
RP analysis (p-value<0.005) and FC analysis (2-fold), cmnparing MT1110 with 
MTlll O!labsAJA2. 
Up-regulated genes Down-regulated genes 
Time No. of genes Genes that were No. of genes Genes that ·were 
(h) identified by RP found DE in identified by found DE in 
analysis both FC and RP RP analysis both FC and RP 
analysis analysis 
18 23 12 37 28 
21 51 41 66 59 
22 36 23 30 22 
23 42 27 38 31 
24 45 32 29 18 
42 59 48 56 28 
72 66 60 87 83 
Table 5.3 Cotnparison between the top-100 Rank Product genes (WT > absAJA2) 
and 2 fold down-regulated genes inS .coelicolor MT1110!labsAJA2. 
Time (h) Genes 2- Common in FC and Percentage 
fold down RP (ToplOO) round to nearest % 
18 75 52 69 
21 236 87 37 
22 76 53 70 
23 72 59 82 
24 78 55 71 
42 62 46 74 
72 176 95 54 
Table 5.4 Comparison between the top-100 Rank Product genes (absAJA2>WT) 
an d 2 £ ld 1 d . S t l MT111 0!1 b :A 1 A2 0 up-regu ate genes tn . coe 1co or a s 
Time (h) Genes 2-fold Common in FC and Percentage 
up RP list (ToplOO) round to nearest 0/o 
18 59 44 75 
21 103 67 65 
22 69 49 71 
23 88 53 60 
24 103 60 58 
42 143 77 54 
72 177 89 50 
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5.5 Genes differentially expressed at 18 b inS. coelicolol' ｍｔＱＱｬｏｾ｡｢ｳａｊａＲ＠
At 18 h cultivation, 23 genes were up-regulated and 37 were down-regulated in 
MTlll OflabsAJA2 with a p-value of <0.005. Included in these were seven genes 
encoding transcriptional regulators, four of which (SC00877, SC04123, SC07651 and 
SC07742) were up-regulated and three (SC00702, SC04445 and SC07173) were 
down-regulated. 
Atnong the up-regulated genes, SC04 728 encoding a 30S riboson1al protein was 
fotu1d. Two ribosotnal protein genes were found down-regulated, namely SC05736 and 
SC04635. 
An interesting gene that was found to be up-regulated was SC04380. This gene 
encodes the ｾＭｳｵ｢ｵｮｩｴ＠ of the acetyl/propionyl-CoA carboxylase. This enzytne catalyses a 
reaction which converts propionyl-CoA to tnethyhnalonyl-CoA. Methyhnalonyl-CoA 
serves as the starting tu1it for polyketide antibiotic biosynthesis. Interestingly, propionyl-
CoA is derived fron1 the catabolistn of the branched-chain an1ino acids, valine and 
isoleucine. Atnong up-regulated genes, gene SC00709 was present that encodes a 
putative branched chain runino acid transport ATP-binding protein. This transport protein 
has a high affinity for valine, leucine and isoleucine. 
5.6 Genes differentially expressed at 21 h inS. coelicolor ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠
At 21 h cultivation, 51 genes were up-regulated and 66 genes were down-
regulated in MTlllOflabsAJA2 with a p-value of <0.005. A total of 12 transcriptional 
regulatory genes were also found: seven were up-regulated (SC01094, SC04232, 
SC05209, SC05906, SC07307, SC07640 and SC07742) and five (SC02875, 
SC04032, SC04493, SC07424 and SC07639) were down-regulated. 
One ribosomal protein gene, SC04728 was also found to be up-regulated. Two 
genes encoding RNA polytnerase sigma factors were also found up-regulated. These 
genes were SC05820, encoding HrdD, a hmnologue of the n1ajor vegetative sign1a factor 
HrdB and SC01276, encoding RNA polymerase extra cytoplastnic function (ECF) sigma 
factor, SigJ, which is induced during os1notic stress (Viollier et al., 2003). 
Two genes involved in oxidative phosphorylation ru1d A TP synthesis were also 
up regulated in MT1110flabsAJA2; these were SC04563 and SC05374, encoding 
NADH dehydrogenase and an ATP synthase subunit (AtpC) respectively. 
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Another up-regulated gene was SC06662 that codes for transaldolase, an enzytne 
of the pentose phosphate pathway that generates NADPH, which is utilised as a reducing 
agent during antibiotic biosynthesis. 
5.7 Genes differentially expressed at 22 h inS. coelicolor MT1110L\absAJA2 
At 22 h cultivation, 36 genes were up-regulated and 30 genes were down-
regulated in MTlll OL\absAJA2 with a p-value of <0.005. A total of seven transcriptional 
regulatory genes were found differentially regulated: four (SC01104, SC03986, 
SC07173 and SC07640) were up-regulated and three (SC00241, SC03864, and 
SC04445) were down-regulated. 
An interesting gene found to be up-regulated that is involved in secondary 
metabolistn was SC01270. This gene encodes the alpha subunit of putative pyruvate 
dehydrogenase con1plex. This enzytne is involved in the decarboxylation of pyruvate to 
fonn acetyl-CoA. Acetyl Co-A can enter into either TCA cycle or can serve as the stat1er 
unit for fatty acid biosynthesis. Acetyl Co-A can also be carboxylated to fonn tnalonyl-
CoA, which can serve as a stat1ing unit for polyketide biosynthesis. 
The gene SC01276, encoding RNA polytnerase sigtna factor Sig J, was also 
found up-regulated at this titne point. 
5.8 Genes differentially expressed at 23 h inS. coelicolor MT1110L\absAJA2 
At this titne point 42 genes were up-regulated and 38 genes were down-regulated 
in MTlllOL\absAJA2 with a p-value of <0.005. A total of six transcriptional regulatory 
genes were found differentially regulated: four were up-regulated (SC00877, SC06669, 
SC07307 and SC07640) and two were down-regulated (SC00241 and SC01489). 
Interestingly, SC01489 encodes BldD, a DNA binding protein that is involved in 
morphogenesis and antibiotic production (Elliot et al., 1998). Down- regulated genes also 
include SC00409, this gene encodes the spore-associated protein A (SapA). SapA is 
involved in aerialtnyceliutn fonnation (Guijarro et al., 1988). Down-regulation of these 
two genes suggests that in S. coelicolor MTlll 0 both of these genes tnight be positively 
regulated by AbsA systetn. Although no effect on tnorphogenesis was observed in 
MT1110L\absAJA2. 
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Gene SC06662, encoding a transaldolase was also present as an up-regulated 
gene within the significant p-value gene list (0.005) as in the previous tilne point. 
One interesting gene up-regulated in ｍｔｬｬｬｏｾ｡｢ｳａＱａＲ＠ was SC06195. This gene was 
present in both the FC gene list and in the RP list, ranked 33211d (up-regulated RP list) and 
with a p-value of0.0538. 
SC06195 (jadD1) encodes a long chain · acyl-CoA synthetase. Acyl-CoA 
synthetases catalyze the fonnation of fatty acyl-CoA, which can undergo B-oxidation to 
fonn acetyl-CoA. Acetyl-CoA can provide carbon tmits for polyketide antibiotic 
biosynthesis (Olukoshi and Packter, 1994). 
Previous studies on this gene have shown that fadD 1 is a pat1 of the macs 1-
fadD 1 operon (Banchio and Gramajo, 2002). Northern blot analysis showed that fadD 1 
was only expressed when the culture reached stationary phase. A fadD 1 mutant was 
severely defective in Act production on YEME and liquid R2YE. Recently it has been 
shown that the macs 1-fadD 1 operon is positively regulated by an adjacent regulator acsR, 
a metnber of the LuxR fatnily of the transcriptional regulators (Arabolaza et al., 2006). 
AcsR activates the expression of the macs 1-fadD 1 operon. In an acsR tnutant the 
expression of the macs 1-fadD 1 genes loses it natural up-regulation and the mutant 
becmnes deficient in actinorhodin production (Arabolaza et al., 2006). It is possible that 
in wild-type S. coelicolor, transcription of acsR is repressed either directly or indirectly 
by the AbsA system and this repression is relieved when the culture reaches stationary 
phase. Early expression of this gene in MTlll 0!1absA1A2 could also account for the 
pretnature production of antibiotics that is observed in absA tnutants. 
Another interesting up-regulated gene is SC04089, which ranked 73rd in the RP 
analysis (p-value = 0.012). SC04089 encodes valine dehydrogenase, an enzyme involved 
in valine catabolistn. This enzytne provides the precursors for the tnacrolide antibiotics 
tylosin and spirantycin in S. fradiae and S. ambofaciens (Tang et al., 1994). The 
catabolisn1 of valine produces propionyl-CoA, which is a substrate for many antibiotics. 
5.9 Genes differentially expressed at 24 h inS. coelicolor MT1110t1.absAJA2 
At this thne point, 45 genes were up-regulated and 29 genes were down-regulated 
in MT111 0!1absA1A2 with a p-value of <0.005. In total, six transcriptional regulatory 
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genes were found differentially regulated: three were up-regulated (SC040 17, SC07027 
and SC07742) and tlU'ee were down-regulated (SC00241, SC01489 and SC04198). 
Two ribosotnal protein-encoding genes were also up regulated. These include 
SC04652 and SC04728. SC04652 encodes a 50S ribosotnal protein LlO and SC04728 
encodes a 30S ribosomal protein S 11. An interesting gene found up regulated in 
ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ was SC03068 that encodes RNA polymerase sigtna factor Sig15 
(Sigl), which is induced by osmotic shock (Viollier eta!., 2003). 
A gene found down-regulated in the mutant was SC03246 that encodes a putative 
3-oxoacyl-ACP synthase II. This gene is present in the cda cluster. It is possible that the 
AbsA systetn positively regulates this gene in MT111 0. 
Another interesting up-regulated gene in ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ was SC03829. This 
gene was present in the fold-change list and when checked in the RP list it was found 
ranked at position 66 (p-value = 0.0080). SC03829 codes for a putative 
dihydrolipoamide acyl transferase cotnponent E2 and is a pati of an operon bkdA2B2C2 
(SC03829-31). This operon contains the genes for a branched-chain a-keto acid 
dehydrogenase (BCDH) con1plex. The BCDH complex is involved in the catabolism of 
valine, leucine and isoleucine atnino acids. The catabolisn1 of valine and isoleucine 
generates isobutyryl-CoA and 2-tnethyl butyryl-CoA respectively and both of these 
tnetabolites serve as the stmter units for the biosynthesis of the polyketide antibiotic 
avern1ectin inS. avermitilis (Denoya et al., 1995). 
In a study of the transcription of bkdAJ inS. coelicolor, this gene was found to be 
induced at the onset of aerial myceliun1 forn1ation (Sprusansky et a!., 2005). Sprusansky 
et a!. also showed that this operon was repressed by the adjacent gene bkdR and the 
transcription of this operon was induced at the 24th hour of growth that is at the onset of 
aerial n1yceliun1 fonnation (Sprusansky et a!., 2005). Interestingly, a nulltnutant of bkdR 
was defective in tnot-phogenesis and was unable to produce actinorhodin. It is interesting 
to note that the dihydrolipoamide acyl transferase cotnponent E2 (SC03829) is a 
component of pyruvate dehydrogenase cotnplex which catalyzes a reaction that forms the 
acetyl Co-A. 
SC06195 that encodes acetyl Co-A synthetase was also up-regulated in 
ｍｔｉｉｬｏｾ｡｢ｳａｊａＲ＠ and ranked 116th (p-value = 0.0169). This gene was also up-regulated 
in the tnutant at 23 h cultivation. 
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SC04089 encoding valine dehydrogenase was also fotmd up-regulated in the 
tnutant (p-value = 0.044, ranked 295111). 
5.10 Genes differentially expressed at 42 h inS. coelicolor MT11108absAJA2 
At 42 h cultivation, 59 genes were up-regulated and 56 genes were down-
regulated in ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ with a p-value of <0.005. A total of nine transcriptional 
regulatory genes were found differentially regulated: six were up-regulated (SC00669, 
SC03435, SC03925, SC04232, SC07512 and SC07640) and three were down-
regulated (SC00344, SC00866 and SCO 1489). BldD gene (SCO 1489) was consistently 
down-regulated at the 42 h of growth in ｍｔｬｬｬｏｾ｡｢ｳａｊａＲＮ＠
Four ribosotnal protein-encoding genes were also found differentially regulated: 
SC04728 was up regulated and three genes were down-regulated (SC04635, SC04705 
and SC04710). 
A gene found down-regulated was SC06586 that encodes a probable succinyl 
Co-A synthetase alpha chain. This enzyn1e is involved in the citric acid cycle. Down 
regulation of a gene of a citric acid cycle enzytne in the tnutant suggests that the flow of 
tnetabolites tnight be directed to secondary tnetabolistn. 
SC04089 encoding valine dehydrogenase was also fotmd up-regulated in the mutant (p-
value = 0.0096, ranked 9211d). 
5.11 Genes differentially expressed at 72 h inS. coelicolor MT11108absAJA2 
At 72 h cultivation, 66 genes were found up regulated and 87 were down-
regulated in ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ with a p-value of <0.005. A total of eight transcriptional 
regulatory genes were found differentially regulated: three were up-regulated (SC03699, 
SC04232 and SC07562) and five were down-regulated (SC00233, SC00877, 
SC01813, SC04441 and SC07140). 
An1ongst the down-regulated genes was SC03224 that encodes a probable ABC 
transporter ATP-binding protein, which is present in the cda cluster. This gene shows 
100% confidence by RP analysis. 
Interestingly, the gene encoding valine dehydrogenase (SC04089) which showed 
high expression at 23, 24 and 42 h was also up regulated at this thne point. SC04089 
showed statistically high confidence and was ranked 19111 in the RP analysis (p-value = 
0.0004). 
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5.12 Expression of genes involved in contingent Inetabolite production 
The AbsA systetn is a global regulator of contingent 1netabolisn1 in S. coelicolor 
(Brian et al., 1996). The transcripton1ic analysis should reveal the effects of the absAJA2 
tnutation on the biosynthetic genes of contingent 1netabolites. 
The Streptomyces coelicolor genotne sequencing has revealed 22-gene clusters 
that may be potentially involved in contingent tnetabolite production (Bentley et al., 
2002; Challis and Hopwood, 2003). Table 1.2 shows the gene clusters that are predicted 
to be involved in contingent tnetabolite production in S. coelicolor. 
Analysis of the differentially expressed contingent 1netabolite genes identified by 
RP and fold-change analysis is presented in Table 5.5. It can be seen that both n1ethods 
have identified tnore or less the smne genes that are up or down-regulated between two 
strains. 
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Table 5.5 Differentially expressed (DE) contingent tnetabolistn-related genes c01nmon in 
Fold Change and Rank Product (top-100) list. 
(Contingent metabolite biosynthetic gene list from Challis and Hopwood, 2003) 
Presence in 
Time (h) DE genes identified by Fold top-100 Rank Rank number 
Change criterion Product gene (p-value) 
list 
Up-regulated SC05889 yes 92 (0.0177) 
18 SC06277 yes 40 (0.0086) 
Down-regulated SC01265 no 357 (0.0618) 
21 Up-regulated SC01270 yes 45 (0.0042) 
SC06282 yes 79 (0.0100) 
SC07689 yes 21 (0.0017) 
Down-regulated SC03230 no 316 (0.0429) 
SC05084 yes 57 (0.0043) 
SC05222 yes 44 (0.0030) 
SC07691 yes 14 (0.0004) 
22 Up-regulated SC01270 yes 29 (0.0039) 
SC03231 no 104 (0.01 64) 
SC03238 yes 36 (0.0049) 
SC07683 no 136 (0.0217) 
Down-regulated SC03215 no 138 (0.0292)) 
SC03222 yes 65 (0.0123) 
23 Up-regulated SC07683 no 134 (0.0229) 
Down-regulated SC00383 yes 28 (0.0038) 
SC06764 yes 90 (0.0145) 
24 Up-regulated SC06434 yes 80 ＨＰＮＰＱＰｾｽ＠
Down-regulated SC03230 no 147 (0.0254) 
SC05895 yes 70 (0.0123) 
SC06277 yes 7 (0.0004) 
42 Up-regulated SC00185 yes 37 (0.0028) 
SC05889 no 172(0.0181) 
Down-regulated SC03224 yes 1 (0) 
72 SC00393 yes 75 (0.0059) 
SC01206 yes 34 (0.0013) 
Up-regulated SC05315 yes 62 (0.0040) 
SC05321 no 119 (0.0111) 
Down-regulated SC02784 no I 67 (0.0 136) 
SC03212 no 204 (0.01 83) 
SC03217 no 183 (0.0163) 
SC03222 no 179 (0.0155) 
SC03224 _yes 1 (0) 
SC03229 yes 17 (0.0001) 
SC06274 no 142 (0.015) 
SC06827 yes 73 (0.0037) 
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5.12.1 Expression profiles of the cda cluster genes 
Of the 40 ORFs in the CDA biosynthetic (SC0321 0-3249) cluster, 35 passed the 
filtering restrictions in both tin1e series. A list of the predicted gene products is given in 
Table.5.6. The expression profiles and hierarchical clustering of differentially expressed 
genes across 7 time points inS. coelicolor MTlll 0 and MT111 OD.absAJA2 are shown in 
Figures 5.4 and 5.5. With the exception of a few genes, tnost of the genes in both strains 
show a sitnilar expression pattern. Most of the genes of the cda cluster were down-
regulated in the tnutant at 42 and 72 h of growth (Table 5.5). The n1ost down-regulated 
gene identified in MTlll OD.absAJA2 was SC03224 encoding an ABC transporter ATP-
binding protein. The expression of this gene was induced at 42 h and 72 h of growth in 
MTlllO wild-type but in MT1110D.absAJA2 it retnained repressed. The RP analysis also 
revealed that this gene was at the top of the list for 42 hand 72 h down regulated genes in 
MTl110D.absAJA2. The p-values of this gene for 42 h and 72 h showed 100% 
confidence. Frotn the RP gene list, it was found that SC03224 was down-regulated in the 
tnutant and highly expressed in MTlll Owt. SC03224 ranked 11 i 11 (p-value = 0.02) at 23 
hand 269th (p-value = 0.049) at 24 h in MT1110wt. This gene is probably either directly 
or indirectly tmder the control of the AbsA systetn. 
There are three genes in the cda cluster that could be potentially involved in the 
expoti of the CDA tnolecule outside the cell thus providing resistance. These genes are 
SC03223, SC03224 and SC03235; all three encode putative ABC transpmier proteins. 
Previous work by Hayes (200 1 ), on SC03223 and SC03224 did not conclusively show 
their involvetnent in the export of CDA or resistance inS. coelicolor MT111 0. However, 
this work was perfonned on R2YE and it was not detennined whether CDA was being 
produced. On ONA CDA is produced by MTll10tlabsAJA2 as early as 18 h (Chapter 4). 
The expression of cdaR, encoding the transcriptional regulator of the cda cluster 
was slightly up at 42 hand 72 h in the wild-type cotnpared to MT1110 absAJA2 at the 
satne titne points. When checked in the RP gene list the p-value for cdaR at 42 hand 72 h 
was found to be statistically significant (0.06 and 0.016 respectively). Expression of 
absAJ itself was induced at 42 h in MTlll 0 wild-type and remained significantly high at 
72 h but in MT1110D.absAJA2 absAJ was retnained 'repressed' as was expected (since it 
is deleted). One gene that showed low expression in MTl110D.absAJA2 at 72 h was 
SC03229, encoding 4-hydroxytnandelate synthase. In a previous study Ryding et al., 
(2002) have shown that the pron1oter of SC03224 was up-regulated in an antibiotic 
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synthesis deficient absA strain. One interesting point noted is the position of both down-
regulated genes (SC03224 and SC03229). The direction of transcription of both these 
genes is divergent with respect to adjacent genes (Fig. 1.6). SC03224 is located next to 
absAJ and transcribed divergently. In the smne way SC03229 that was also down 
regulated is located iln1nediately upstream of CDA peptide synthetase !-encoding gene 
and transcribed divergently. Upstream regions of the divergently transcribed genes are 
usually the targets of the DNA binding proteins. It is possible that either AbsA2 or 
another regulator activated by the AbsA2 bind to these regions and activate the 
transcription of SC03224 and SC03229. Ryding et a!. (2002) reported that the 
promoters of SC03229 and SC03230 were down-regulated in antibiotic synthesis 
deficient absA rnutant. 
SC03230 encodes CDA peptide synthetase I and is located adjacent to down-
regulated gene, SC03229. The Rank product list of the up-regulated genes in the 1nutant 
showed that SC03230 was significantly expressed at 18 h (Rank 114t11, p-value = 0.021), 
23 h (Rank 13i11 p-value = 0.023) and at 42 h (Rank 118 p-value = 0.011). Frmn this data 
it can be suggested that the AbsA system negatively regulates the CDA peptide 
synthetase I gene at least during specific phases of growth. This 1nay also account in part 
for early production of CDA, which is not seen on R2YE but is in ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠
and MT111 ｏｾ｡｢ｳａＲ＠ mutants on ONA (see Chapter 4). 
The expression of two genes SC03215 and SC03246 (encoding glutarnate-3-
rnethyltransferase and P-ketoacyl-ACP synthase III respectively) was found to be very 
high in both strains across all tirne points, indicating that they are constitutively 
expressed. 
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Table 5.6 Predicted gene products (according to Hojati et al. 2002) for 35 ORFs in the 
d 1 . 1 d fil . c a c uster passtng t 1e array ata 1 tenng restnctlons. 
Systematic Common Putative function in CDA biosynthesis 
SC03210 SCE8.03c class-II DAHP synthetase 
SC03211 trpC2 indole-3-glycerol phosphate synthase 
SC03212 trpD2 anthranilate phosphoribotransferase 
SC03213 trpG anthranilate synthase con1ponent II 
SC03214 trpE2 anthranilate synthase co1nponent I 
SC03215 glmT glutanlate-3-methyltransferase 
SC03216 SCE8.09 cation-transporting ATPase 
SC03217 cdaR transcriptional activator/regulatory protein 
SC03219 SCE8.12c lipase 
SC03220 SCE8.13c unknown 
SC03221 SCE8.14c prephenate dehydrogenase 
SC03222 SCE8.15c Ca2+ dependent phospholipase 
SC03223 SCE8.16c ABC transporter integraltnetnbrane protein 
SC03224 SCE8.17c ABC transporter ATP-binding protein 
SC03225 absAJ sensor kinase AbsA 1 
SC03227 hpgT 4-hydroxypheny I glycine an1inotransferase 
SC03228 hmo 4-hydroxytnandelate oxidase 
SC03229 hmaS 4-hydroxymandelate synthase 
SC03230 cdaPSJ CDA peptide synthetase I 
SC03231 cdaPS2 CDA peptide synthetase II 
SC03232 cdaPS3 CDA peptide synthetase III 
SC03233 SCE29.02 hydrolase/external thioesterase 
SC03234 hasP phosphotransferase 
SC03235 SCE29.04c ABC transporter 
SC03236 asnO asparagine oxygenase 
SC03238 SCE29.07c unknown 
SC03239 SCE29.08c unknown 
SC03240 SCE29.09c unknown 
SC03241 SCE29.10c isomerase 
SC03242 SCE29.llc prenyltransferase 
SC03243 SCE29.12c tnyo-inositol phosphate synthase 
SC03244 SCE29.13c unknown 
SC03245 hcmO hexenoyl-CoA monooxygenase 
SC03246 fabH4 P-ketoacyl-ACP synthase III 
SC03247 hxcO hexenoyl-CoA oxidase 
SC03248 fabF3 P-ketoacyl-ACP synthase II 
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Fig. 5.4 Time-course expression profiles of the differentially expressed genes from the 
cda cluster at seven time points of the growth curve of S. coe/ico/or MTlll 0 wild-type 
and MTlll ｏｾ｡｢ｳａｊａＲＮ＠ Note, values for each time-point are the mean log10 ratio of all 
biological replicates. 
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Figure 5.5 Hierarchical clustering (gene tree) of gene expression for 35 CDA 
biosynthetic genes across 7 time points of S. coelicolor MTlll 0 wild-type and 
MTlll ｏｾ｡｢ｳａｊａＲ＠ time series. 
5.12.2 Expression profiles of the act cluster genes 
The ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ produced actinorhodin earlier on R2YE liquid and R2YE 
plates compared to the wild-type strain (Chapter 4). It was expected that some of the 
genes belonging to the act cluster might be up-regulated. 
There are 22 ORFs in the actinorhodin biosynthetic gene cluster. All 22 ORFs 
passed the normalization and filtering restrictions. Hierarchical clustering of these genes 
across seven time points is shown in Figure 5 .6. It can be seen that not so much 
difference was found between the two strains. The expression of the activator of the act 
cluster actll-ORF4 also remained similar in both strains. 
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Fig. 5.6 Hierarchical clustering (gene tree) of gene expression for 22 actinorhodin 
biosynthetic genes across 7 time points of S. coelicolor MTlll 0 wild-type and 
ｍｔｉｉｉｏｾ｡｢ｳａｊａＲ＠ time series. 
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5.12.3 Expression profiles of the red cluster genes 
There are 22 ORFs in the red cluster. 21 ORFs passed normalization and filtering 
restrictions. Hierarchical clustering of these genes across seven time points is shown in 
Figure 5.7. 
It can be seen that almost all of the genes in both strains show similar expression 
profiles. Genes encoding the transcriptional regulators of the red cluster RedD and Red.Z 
(Takano et a/. , 1992; White and Bibb, 1997; Guthrie et a/. , 1998)(SC05877 and 
SC05881 respectively) also show similar expression profiles. 
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Fig. 5. 7 Hierarchical clustering (gene tree) of gene expression for 21 genes from the red 
cluster across seven time points of S. coelicolor MTlll 0 wild-type and 
ｍｔｬｬｬｏｾ｡｢ｳａｊａＲ＠ time series. 
140 
Chapter 5: Results and Discussion III 
5.12.4 Non-ribosomal peptide synthetase gene cluster (SC07681-7691) 
Genes of this cluster are involved in coelibactin biosynthesis. Coelibactin is a 
siderophore involved in the iron uptake. Siderophores are produced under iron deficient 
conditions and completely suppressed under iron sufficient conditions (Challis and 
Hopwood, 2003). The genes of this cluster were up-regulated in ｍｔｬｬｬｏｾ｡｢ｳａｊａＲＮ＠ Fig. 
5.8 shows the expression profiles of four genes of this cluster across a time-series. Table 
5.5 shows that genes belonging to this cluster were found over expressed in the mutant at 
21 h (SC07689), 22 h (SC07683 and SC07691) and 23 h (SC07683). The synthesis of 
siderophores is transcriptionally regulated by the iron-dependent repressor, IdeR (Flores 
et al., 2005). Interestingly, one gene encoding IdeR (SC04017), was up regulated in the 
mutant at time points 24 hand 42 h. This gene was also up-regulated at 72 h with a p-
value of 0.020. 
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Fig. 5.8 Time-course expression profiles of genes of non-ribosomal peptide synthase 
cluster (SC07 681-7 691) at seven time points of the growth curve of S. coelicolor 
MTlllO wild-type and ｍｔｬｬｬｏｾ｡｢ｳａｊａＲＮ＠ Note, values for each time-point are the 
mean log10 ratio of all biological replicates. 
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5.13 Expression profiles of the ribosomal protein encoding genes 
The expression profiles of the ribosomal protein encoding genes in MTlll 0 wild-
type and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ are shown in Fig. 5.9. It can be seen that te1nporal 
regulation of the genes in ｍｔｬｬｬｏｾ｡｢ｳａｊａＲ＠ was lost. Table 5.7 shows the differentially 
regulated r-protein encoding genes in MT1110 wild-type and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ which 
have been identified by rank product analysis (p-value <0.005). SC04728, encoding the 
S 11 protein of the 30S riboson1al subunit, was found highly up-regulated in 
ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ across all time-points except 72 h. 
Riboso1nal proteins genes have been shown to be down-regulated with 1nicroarray 
experiments, of Streptomyces coelicolor dtu·ing transition phase (Huang et al., 2001). The 
relaxed pattern of expression of the riboso1nal protein encoding genes has also been 
observed in S. coelicolor MT111 ｏｾ｣､｡ｒ＠ and a bldA 1nutant by tnicroarray experilnents 
(Mersinais, 2004; Hesketh et al., 2007). 
It can be seen that with MTlll 0 wild-type at 22 h, 1naxilntnn expression of 
riboson1al protein genes was observed whilst at 23 h, the expression of these genes 
decreased. In contrast to wild-type, the n1utant showed levels that were low at 22 hand 
declining at 23 h. 
One interesting gene found up-regulated in ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ was SC04652 
that encodes ribos01nal protein L 1 0 of the 50S subunit. Previously the synthesis of L 10 
has been reported to decrease in liquid 1neditun as the culture approached stationary 
phase (Blanco et al., 1994). Further experiments showed that L10 is transcribed from a 
single promoter that was subjected to growth-phase dependent regulation and showed 
decreased activity at transition phase (Blanco et al., 2001). 
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Table 5. 7 Differentially expressed genes encoding ribosomal proteins in 
ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ as identified by RP analysis (with a p-value <0.005). 
Time (h) Up-regulated genes Down-regulated genes 
Systematic Product Systematic name Product 
name 
18 SC04728 30S ribosmnal protein SC05736 30S ribosomal 
Sll protein SIS 
SC04635 50S ribosomal 
protein L33 
21 SC04728 30S ribosomal protein none 
Sll 
22 SC04728 30S ribosotnal protein SC04710 50S ribosotnal 
Sll protein L29 
SC04728 30S ribosomal protein SC05736 30S ribosomal 
Sll protein SIS 
23 SC04652 50S ribosomal protein SC03430 Probable 30S 
LlO ribosmnal 
protein S14 
SC04728 30S ribosomal protein 
24 Sll none 
SC04652 50S ribosomal protein 
LlO 
SC04728 30S ribosotnal protein SC04710 50S ribosmnal 
Sll protein L29 
42 SC04635 50S riboson1al 
protein L33 
SC04705 50S ribosotnal 
protein L2 
72 SC04648 50S ribosomal protein none 
Lll 
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Fig. 5.9 Time-course expression profiles of ribosomal protein-encoding genes at seven 
time points of the growth curve of S. coelicolor MTlll 0 wild-type and 
MTlll O!!iabsAJA2. Note, values for each time-point are the mean log10 ratio of all 
biological replicates. 
5.14 Expression profiles of genes of the ramCSAB operon 
Careful analysis of differentially expressed genes between the two strains 
revealed one gene, SC06682, which was found down-regulated in MTlllO!!iabsAJA2. 
This gene is a member of ramCSAB operon that is involved in aerial mycelium formation 
(O'Conner et al., 2002, Nguyen et al., 2002). The product of ramS (SC06682) is SapB, a 
morphogen involved in morphological differentiation (Kodani et al. , 2004). The 
expression profile of the ramS is shown in Fig. 5.10. It can be seen that the expression of 
ramS was low in MTlllO!!iabsAJA2 at 18 h to 24 hand then increased. 
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Fig. 5.10 Time-course expression profiles of the ramS gene at seven time points of the 
growth curves of S. coe/icolor MTlllO wild-type and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＮ＠ Note, values 
for each time-point are the mean log10 ratio of all biological replicates. 
5.15 Expression profiles of ATP synthases genes 
At the early stages of growth, some genes involved in energy metabolism were 
found up-regulated in ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＮ＠ InS. coe/icolor, genes encoding the ATPase 
are present within a cluster (SC05367-74). The expression profile of this cluster is 
shown in Fig.5.11. It can be seen that these genes are relatively up-regulated in 
ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ compared to MTlllO wild-type, especially at 21 h of growth. This 
suggests that in the mutant there is high oxidative metabolism occurring. 
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Fig. 5.11 Time-course expression profiles of genes encoding ATP synthase (SC05367-
5374) at seven time points of the growth curve of S. coe/icolor MT1110 wild-type and 
MT111 ｏｾ｡｢ｳａｊａＲＮ＠ Note, values for each time-point are the mean log10 ratio of all 
biological replicates. 
5.16 Genes of the pentose phosphate pathway (PPP) 
Four genes, SC06662, SC00975, SC01939 and SC02298, involved in the 
pentose phosphate pathway (PPP) were also found to be up-regulated In 
ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ (Figures 5.12 and 5.13). The pentose phosphate pathway is an 
alternative pathway of glucose oxidation. The main significance of this pathway is the 
generation of NADPH and ribose formation. NADPH can be utilised during reductive 
reactions. NADPH is also utilised during antibiotic biosynthesis. SC06662 encodes 
transaldolase, SC00975 encodes 6-phophogluconate dehydrogenase, SC01939 encodes 
6-phosphogluconolactonase and SC02298 encodes KHG/KDPG aldolase. Table 5.8 
shows the p-values and rank positions of these genes. It can be seen that SC06662 was 
significantly induced at all time points except 72 hand p-values show high confidence. 
SC00975 and SC01939 also showed significantly high expression at three time points. 
SC02298 showed high expression at and after 23 h of growth in ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ Ｎ＠ In 
the ｾ｡｢ｳａｊａＲ＠ mutant, four types of antibiotics that are chemically distinct are produced 
in excess, so the up-regulation of four of the genes of the PPP can possibly result in an 
increased antibiotic production. It is worth noting that a positive correlation was observed 
between methylenomycin production and carbon flux through PPP in S. coelicolor 
(Obanye eta/., 1996). 
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Table 5.8 Genes of the pentose phosphate pathway up-regulated in ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＮ＠
Time SC06662 SC00975 SC01939 SC02298 
Rank p-value Rank p-value Rank p-value Rank p-value 
18 h 288 0.049 522 0.090 314 0.054 Not significant 
21 h 58 0.006 Not significant 113 0.014 Not significant 
22h 323 0.053 Not significant Not significant Not significant 
23 h 21 0.002 193 0.031 365 0.06 469 0.074 
24h 292 0.044 272 0.041 Not significant 196 0.029 
42h 93 0.009 586 0.082 Not significant 106 0.010 
72h Not significant Not significant Not significant 513 0.063 
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Fig.5.12 Four genes ofpentose phosphate pathway differentially expressed in 
ｍｔＱＱＱＰｾ｡｢ｳａｊａ＠ (a) compared to MT1110 (b). Note: Average is the mean expression 
(log2 ratio of cDNA/gDNA) of biological replicates. 
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Fig. 5.13 Hierarchical clustering (gene tree) of gene expression for 31 genes putatively 
involved in pentose phosphate pathway across 7 time points of S. coelicolor MTlll 0 
wild-type and MTlll 011absAJA2 time series. 
1.2 
1.0 
0.9 
0.8 
0.7 
148 
Chapter 5: Results and Discussion III 
5.17 Genes of the AfsK-AfsR-AfsS system 
AfsR is a pleotropic regulator of antibiotic biosynthesis in S. coelicolor ( Section 
1.3.3; Horinouchi, 2003, 2007). Fig 5.14 shows the expression profile of the genes of the 
AfsK-AfsR-AfsS sytem. It can be seen that this afsS had a lower expression at 22 to 24 h 
in ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ but expressed significantly high at 42 hand 72 h of the growth. 
AfsS is a target of the AfsR and over expression of the afsS enhanced the production of 
the actinorhodin and undecylprodigiosin (Floriano and Bibb, 1996). Increased production 
of the actinorhodin in MT111 ｏｾ｡｢ｳａｊａＲ＠ may also be due to high expression of the afsS 
gene. afsR shows similar expression in both strains. AfsK that phosphorylates AfsR also 
showed similar expression in both strain except 21 h in ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ where it 
showed low expression (Fig. 5.14). 
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Fig. 5.14 Time-course expression profiles of genes encoding AfsK (SC04423), AfsR 
(SC04426) and AfsS (SC04425) at 7 time points of the growth curve of S. coelicolor 
MT1110 wild-type (left) and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＮ＠ Note, values for each time-point are the 
mean log10 ratio of all biological replicates. 
5.18 Expression profiling of genes of the pyruvate kinases 
Streptomyces coe/ico/or genome contains two genes encoding pyruvate kinases: 
SC020 14 encodes pyruvate kinase 1 and SC05423 encodes pyruvate kinase 2. Pyruvate 
kinase is an enzyme of glycolysis. Figure 5.15 shows the expression profile of genes 
encoding both enzymes in MT1110 wild-type and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＮ＠ It can be seen that 
gene encoding pyruvate kinase 2 (SC05423) was expressed significantly high in mutant 
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from 24 h to 72 h. An increased expression of this gene suggests that an increased 
metabolism is occurring in the mutant. 
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Figure 5.15 Time-course expression profiles of genes encoding pyruvate kinase 1 
(SC02014) and pyruvate kinase 2 (SC05423) at 7 time points of the growth curve of S. 
coelicolor MTlllO wild-type (left) and ｍｔＱＱＱＰｾ｡｢ｳａｊａＲＮ＠ Note: values for each time-
point are the mean log10 ratio of all biological replicates. 
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5.19 Discussion 
Microarray experiments were perfonned on RNA samples isolated fron1 surface 
grown cultures on R2YE solid tneditun. The strains used were S. coelicolor MTlll 0 and 
MT1110AabsAJA2. The arrays used were in-house printed 50-tner oligos representing all 
S. coelicolor ORFs. A differentially expressed gene list between two strains was obtained 
using the HRank product method" for microarray data analysis (Breitling et al., 2004; 
Hong et a!., 2006). Many interesting genes frotn central metabolisn1 were found up-
regulated in MT1110AabsAJA2. These included SC01270, SC04089, SC03829 and 
SC06195. SC01270 encodes the alpha subunit of pyruvate dehydrogenase complex; this 
gene is located in a putative fatty acid synthase cluster. The expression of this gene was 
found up in early time points - 18, 21 and 22 h in MT1110AabsAJA2. Pyruvate 
dehydrogenase catalyzes a reaction that generates acetyl Co-A. Acetyl Co-A can either 
enter fatty acid biosynthesis or can be carboxylated to fonn malonyl Co-A and can serve 
as starter for polyketide backbone or can serve as a precursor for Red biosynthesis. 
Another gene fotmd up-regulated in AabsAJA2 was SC03829 encoding a 
probable dihydrolipomnide acyl transferase cotnponent E2. This gene is part of the 
bkdA2B2C2 operon. The product of this gene is a dehydrogenase that is involved in the 
catabolism of branched chain amino acids valine, leucine and isoleucine. The catabolistn 
of valine and isoleucine produces 2-tnethylmalonyl-CoA which, as stated above, serves 
as a precursor for biosynthesis of type II polyketide backbone. Interestingly, the genomes 
of both S. coelicolor and S. avermitilis contain 2-gene clusters for branched chain a-keto 
acid dehydrogenase. Probably the second cluster (SC03829-31) is involved in 
physiological differentiation. 
SC06195, encoding acetyl Co-A synthetase, was also up-regulated in 
MT1110AabsAJA2 at 23 hand 24 h. Acyl Co-A synthetase is a stationary phase enzyme 
involved in the physiological differentiation (Banchio and Gramajo, 2002). The early 
induction of this enzytne n1ay also explain the early and pretnature antibiotic production 
in MT1110AabsAJA2. 
Effects of the AabsAJA2 tnutation on expression of the cda cluster were also 
observed. The gene encoding CDA peptide synthetase I was fotuld up-regulated in the 
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early hours of growth in !1absAJA2 cotnpared to the MTlllO parent. Two genes down-
regulated in the absAJA2 tnutant were SC03224 and SC03229. SC03224 encodes an 
ABC transpotier ATP-binding protein and SC03229 encodes 4-hydroxytnandelate 
synthase. Both of these genes showed high rank position on the RP list. SC03224 was 
top of the down-regulated genes list at both 42 and 72 h in !1absAJA2 tnutant. SC03229 
was found down regulated at 72 h. Previous studies have identified both of these genes as 
targets of the AbsA system (Ryding et a!., 2002). Close inspection of the arrangement of 
SC03224 and SC03229 revealed that both of these genes are transcribed divergently 
relative to adjacent genes. SC03229 is located adjacent to SC03230 encoding CDA 
peptide synthase I and SC03224 is located adjacent to absA operon. The upstreatn 
regions of the both genes may contain binding site(s) for AbsA2 or an AbsA2-regulated 
DNA binding protein and an obvious candidate is CdaR the gene for which is also 
located in the cda cluster. In silica analysis of upstreatn regions should identify the 
cmnmon binding site for any regulatory protein. Another project which is going on in 
this laboratory is to identify the binding sites of the AbsA2 protein by ChiP-on-chip 
assay. This should reveal the binding sites for AbsA2 in the whole genotne. 
Ribosotnal protein encoding genes showed a less distinct expression profile in the 
ｾ｡｢ｳａｊａＲ＠ tnutant. The tnost up-regulated gene found was SC04728 encoding 30S 
ribosotnal subtmit protein S 12 at all titne points except 72 h. The expression of another 
gene encoding the 50S subunit protein LlO was found up-regulated at 24 h of the growth. 
This synthesis of this protein has been reported to decrease at stationary phase in liquid 
culture (Blanco eta!., 1994). An altered expression of ribosomal protein-encoding genes 
has also been observed in a bldA mutant at the stage of transition between exponential 
and stationary phase (C.P. Stnith, personal cotnn1unication). It suggests a possible link 
between the onset of tnorphological differentiation and ribosomal protein synthesis. 
There is a strong evidence to suppoti this hypothesis. The ram cluster is involved in 
aerialtnyceliun1 forn1ation (O'Conner eta!., 2002, Nguyen eta!., 2002 ). The expression 
of one of the genes of this cluster, ramS, is found to be down-regulated in 
ｍｔｬｬｬｏｾ｡｢ｳａｊａＲ＠ at 18 h to 24 h titne points. The product of the ramS is SapB, a 
peptide tnorphogen involved in aerial mycelimn formation (I(odani eta!., 2004). Another 
gene found down regulated in MT1110!1absAJA2 was SC01489 that encodes BldD. 
BldD is a DNA binding protein and is involved in tnorphological developtnent and 
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antibiotic production (Elliot et a!., 1998). But no visible morphological defects were 
observed in absAJA2 tnutant (Chapter 4). 
The absA locus was originally identified by point tnutations in absAJ, resulting in 
the suppression of all four antibiotics inS. coelicolor (Adamidis eta!., 1990, Brian et al., 
1996). Fmiher analysis located those point mutations in absAJ (Anderson et al., 2001). 
Deletion of either absAJ (sensor kinase) or absA2 (response regulator) resulted in 
precocious hyper-production of all antibiotics implying that it is a global negative 
regulator of antibiotics (Brian eta!., 1996, Anderson et al., 2001). Genetic analyses have 
shown that the phosphotylated fonn of AbsA2 (phospho-AbsA2) generated by AbsA1 
sensor kinase is required for nonnal growth phase regulation of antibiotic synthesis. 
Mutations in either absA 1 or absA2 that block phosphorylation of AbsA2 produced 
antibiotics pretnaturely and tnore abundantly (Anderson et al., 2001). AbsA1 acts as both 
kinase and phosphatase on AbsA2 (Anderson et al.200 1; Sheeler et a/., 2005). The 
tnutants that had lost production of all four antibiotics had AbsA 1 locked in its kinase 
fonn so that AbsA2 was always phosphorylated and in this fonn it remains bound to its 
target site(s), repressing the transcription of the target genes. Fron1 the tnicroarray data 
obtained in this study and presun1ing that the observed phenotype is the direct effect of 
AbsA2, it can be suggested that possible targets of the AbsA2 protein include the 
following genes: SC01270 (alpha subunit of pyruvate dehydrogenase complex), 
SC04089 (valine dehydrogenase), SC03829 (probable dihydrolipoatnide acyl 
transferase con1ponent E2) and SC06195 (acyl Co-A synthetase). It can be hypothesized 
that in the originally isolated absA tnutants the transcription of these genes is 
pennanently suppressed by the phosphorylated fonn of ａ｢ｳａＲｾｐ＠ and this consequently 
leads to unavailability of antibiotic precursors. Repression of the above four genes is not 
predicted to prevent general vegetative growth since none are predicted to be essential 
genes. Each gene has been assessed for essentiality by an in silica method where flux 
balance a11alysis has been shnulated for individual gene knockouts in each gene using the 
genotne scale metabolic reaction network of S. coelicolor (A.M. Kierzek and C.P. Smith, 
personal comtnunication). In either absAJ or absA2 null n1utants the phenotype of 
precocious hyper-production of all four antibiotics could be explained by the fact that the 
repression of these genes is relieved as AbsA2 is either absent or not phosphorylated and 
hence unable to bind its targets. The result of this would be continuous expression of 
these genes and production of plenty of precursors for antibiotic synthesis. 
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Fron1 the tnicroarray data obtained in this study there are tnany observations that 
could explain the role of the AbsA systetn and explain the pha phenotype of 
MTlll Ol:iabsAJA2. 
1. Mutations in absAJ or absA2 result in pretnature and hyper-production of all four 
antibiotics produced by S. coelicolor. It was expected that the gene clusters 
involved in the biosynthesis of these antibiotics would be highly expressed. The 
gene clusters of two pigtnented antibiotics Act and Red did not show significant 
differences in expression. Genes of the cda cluster showed differences in 
expression as noted by hierarchical clustering and by assessing differences with a 
p-value of< 0.05. The gene encoding CDA peptide synthetase I showed up-
regulation in the n1utant that would be consistent with early CDA production in 
the mutant. It seen1s that the AbsA system differentially regulates the genes of the 
cda cluster in S. coelicolor. At early stages of growth the AbsA systetn 
suppresses the expression of the CDA PS 1 gene and at later hours transcription of 
other genes (SC03224 and SC03229) are activated by this system as these genes 
were fotmd repressed in the n1utant in this study. This differential regulation of 
the cda cluster genes could be influenced by the phosphorylation state of AbsA2. 
2. The gene encoding AfsS (SC04425) showed high expression at late hours of the 
growth (42 and 72 h) in l:iabsAJA2. This tnight also contribute the increased 
actinorhodin production observed in the mutant. 
3. Genes encoding the pathway-specific regulators Actii-ORF4, RedD, RedZ and 
CdaR did not show higher expression in MT111 Ol:iabsAJA2. 
4. Two genes encoding the enzytnes involve in the catabolism of branched-chain 
an1ino acids leucine, valine and isoleucine were found up-regulated in 
MT1110/:iabsAJA2. The gene products of these genes are valine dehydrogenase 
and a cotnponent of branched-chain a-keto acid dehydrogenase (BCDH) 
complex. The catabolisn1 of branched-chain atnino acids produces propionyl-CoA 
and 2-tnethyl tnalonyl-CoA that serve as the precursors for type II polyketide 
backbones. 
5. A gene encoding a stationary phase-active enzytne acyl-coenzytne A synthetase 
(SC06195) was induced at 24 h of the growth in MT1110/:iabsAJA2. 
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6. Gene encoding AfsS (SC04425) was found up-regulated at and after 24 h of 
growth in MT1110L1absAJA2. This gene has been shown to enhanced Act 
production inS. coelicolor and S. lividans. 
7. Four genes encoding enzytnes of the PPP were found up-regulated in 
MTlllOL1absAJA2. The PPP generates NADPH that is utilized during reductive 
reactions of antibiotic biosynthesis. 
8. The expression of a gene encoding alpha-subunit of pyruvate dehydrogenase 
con1plex was found up-regulated in L1absAJA2 mutant at an early growth stage 
(18, 21 and 22) of growth. This enzytne is involved in oxidative decarboxylation 
of pyruvate to form acetyl-CoA. Acetyl-CoA is an hnportant 1netabolite and can 
be utilized during polyketide biosynthesis. 
9. Riboso1nal protein-encoding genes showed an altered expression patte111 in 
L1absAJA2 1nutant. This tnight have so1ne role in production of 1nore antibiotics. 
There are reports that certain mutations in riboson1al protein encoding genes 
result in excessive production of antibiotics in Streptomycetes (Okatnato-Hosoya 
et al., 2003, Tatnehiro et a/., 2003). It has also been suggested that cet1ain 
mutations in ribosmnal protein S 12 resulted in increased stability of the 70S 
ribosomal cotnplex under low tnagneshun concentration (Okatnato-Hosoya et al., 
2003). The increased stability of the 70S ribosotne cotnplex tnay also be linked 
with efficient translation of transcripts in stationary phase. This tnay explain the 
overproduction of actinorhodin in late hotu· cultures in MT1110L1absAJA2. 
10. Genes encoding ATP synthases were found up-regulated in MTlllOL1absAJA2. 
It is possible that an increase in central tnetabolistn in the n1utant is somehow 
driving the cell to produce secondary metabolites earlier and in excess quantities. 
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Chapter 6: General Discussion and Future Directions 
In this study deletion mutations in the absA locus were created in S. coelicolor 
MTlll 0, S. coelicolor MTlll Ofl.cdaR and S. lividans 1326. Phenotypic analyses of 
MTlll Ofl.absAJA2 and MTlll OflabsA2 showed that both strains exhibited early CDA 
production on ONA tnedhun con1pared to wild-type MTlll 0. One interesting 
observation in this study was that the phenotype of the absA 1nutants in S. coelicolor was 
growth 1nedirun dependent. Early production of Act and Red was observed on complex 
media, R2YE but did not occur on Oxoid Nutrient Agar. Interestingly, early CDA 
production by MTlll OabsAJA2 was observed on ONA where pigtnented antibiotic did 
not show any difference in onset of production relative to the wild-type. 
Early CDA production was observed for both MTlll OflabsAJA2 and 
MTlll OflabsA2 strains on ONA by classical plate bioassay and by cellophane coated 
ONA plates. CDA production was not observed by MTlllOflcdaR, 
MTlllOfl.cdaRabsAJ and MT1110flcdaRabsAJA2 on ONA; all these strains lacked the 
transcriptional activator of the cda cluster, CdaR. 
Assays of pigtnented antibiotic production 1n MTlll OflcdaR and 
MT1110fl.cdaRabsAJA2 on liquid R2YE showed that Red was produced in both strains 
at the san1e time but late horu·s cultures of flcdaRabsAJA2 produced 1nore Red con1pared 
to MTlll Ofl.cdaR. But 1n the case of Act the amount produced by 
MTlll0fl.cdaRabsAJA2 was less compared to MTlllOflcdaR strain. 
The role of the AbsA systen1 inS. lividans could not be established in this study. 
The CDA was produced by S. lividans and fl.absA derivatives (fl.absAJ and flabsAJA2) 
and no precocious CDA production was observed by the mutants. It will be worth 
perfonning DNA tnicroanay analysis or S 1 nuclease protection assays to look for 
differences in expression of genes of the cda cluster in S. lividans and in fl.absA 
derivatives. The pign1ented antibiotic production in S. lividansflabsAJ and S. 
lividansfl.absAJA2 1nutants retnained lUlaffected. Red and Act production was observed 
by S. lividans and fl.absA derivatives and no precocious or hyper-production was 
observed. It can be suggested that though the genmnes of S. lividans and S. coelicolor 
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show extensive sequence shnilarity in tnany genes, the regulatory networks of these two 
closely related species appear quite different. 
Transcriptotnic analysis of MTlllO and MT1110ilabsAJA2 showed that many 
genes were found differentially expressed in MT1110ilabsAJA2. The most unexpected 
observation noted was that no significant difference was found in expression of genes of 
the two pigtnented antibiotics clusters (Red and Act). Hierarchical clustering of the genes 
of the both clusters showed no significant differences in either structural or regulatory 
genes. Genes of the act cluster activator actli-ORF4, and of the red cluster, redD and 
redZ, showed sitnilar expression profiles in both MTlllO and MT1110ilabsAJA2 strains. 
Effects of the absAJA2 tnutation on expression within the cda cluster were 
observed. Hierarchical clustering of the cda cluster genes identified two genes that 
showed reduced expression in MTlllOilabsAJA2 at late hours of the growth. These 
genes ｣ｯｴｮｰｲｩｳｾ､＠ SC03224 and SC03229, encoding an ABC transporter ATP-binding 
protein and 4-hydroxytnandelate synthase, respectively. These genes could be under 
positive control by the AbsA systetn. These findings need to be verified by quantitative-
reverse transcriptase PCR (Q-RT-PCR). Hierarchical clustering also showed that absAJ 
was expressed in MTlll 0 at late hour ( 42 h) of growth. The expression of cdaR in 
MTlll OilabsAJA2 retnained repressed at 42 and 72 h of growth. It seetns that the AbsA 
systetn is required for the expression of cdaR. Another reason for considering a 
dependence of cdaR expression on the AbsA systen1 is the silnilar titning of expression 
for both genes inS. coelicolor MTlll 0. If AbsA2 activates the transcription of the cdaR 
by binding at an upstrean1 region of cdaR then it should be revealed by ChiP-on-chip 
assay. These experitnents are currently being undetiaken by J. Jitn (personal 
cotnmunication). 
Atnong the highly differentially expressed genes in the ilabsA JA2 n1utant were 
several involved in prhnary tnetabolisn1. Interesting genes include SC06195 that encodes 
a stationary phase-active acetyl-CoA synthetase inS. coelicolor (Banchio and Grmnajo, 
2002). This gene was expressed at 24 h of the growth in ilabsAJA2. The early expression 
of this gene could explain the precocious Act production in MTl110ilabsAJA2. This 
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needs to be verified by Q-RT-PCR. If SC06195 is required for Act production in 
l:iabsAJA2 then a nulltnutation in this gene should affect Act production. 
Another gene, SCO 1270, showed increased expression; this gene encodes the 
alpha-subunit of the pyruvate dehydrogenase cotnplex. This enzyme is involved in the 
oxidative decarboxylation of pyruvate to form acetyl-CoA. Acetyl-CoA can be converted 
to propionyl-CoA and tnethyltnalonyl-CoA that can then be used as a precursor for Act 
and Red biosynthesis. The expression of this gene was fotmd up in early hours of the 
growth. This gene is a good candidate for a deletion n1utation to assess its role in 
antibiotic production. 
The gene, SC04089, encoding the valine dehydrogenase showed higher 
expression in MT1110f).absAJA2. Valine dehydrogenase has been shown to be an 
ilnportant enzyme to provide precm·sors during biosynthesis of tnacrolide antibiotics 
spiratnycin and tylosin inS. ambofaciens and S. fradiae respectively (Tang et al., 1993). 
It would be interesting to perfonn the enzytne assay to check for elevated levels of this 
enzytne in MTlllOI:iabsAJA2. Another approach that should be used is 'f!nalysis of 
gifferentially f!ffected tnetabolites' (ADAM; A. Kierzek and C.P. Sn1ith, personal 
cotntnunication); by this approach it can be predicted how the differential gene 
expression affects metabolite production. 
Pyruvate kinase is an enzyme of glucose tnetabolistn. The gene encoding 
pyruvate kinase 2 (SC05423) was found up-regulated in MTlll OflabsAJA2 at 42 and 72 
h of growth. This titning coincides with the transcription of the absAJ and absA2 in 
MTlll 0. Probably this gene is repressed by the AbsA system in S. coelicolor. Increased 
transcription of this gene in theory should result in an increased pyruvate kinase activity 
that may result in tnore oxidation of glucose and tnore acetyl-CoA fonnation that can be 
oxidised through citric acid cycle or can be utilised during actinorhodin and 
undecylprodigiosin biosynthesis. ChiP-on-chip analysis of AbsA2 should reveal any 
binding site(s) upstreatn oftlus gene. 
Genes encoding ATP synthases were also found up-regulated in the mutant. It 
seems that there is a high demand for the oxidative tnachinery to be transcribed. As 
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stated above, tnany of the pritnary 1netabolisn1 genes are over expressed in the tnutant. It 
therefore follows that there should be a higher demand for the oxidative tnachinery to 
process the surplus tnetabolites being generated. 
The gene encoding AfsS (SC04425) showed relatively higher expression in the 
tnutant con1pared to the wild-type. AfsS has been shown to enhance production of Act 
and Red in S. coelicolor (Floriano and Bibb, 1996). This finding can be verified by Q-
RT-PCR. If increased production of Act and Red observed in mutant is related to AfsS 
then a nulltnutation in the afsS gene in a !1absAJA2 background should reduce the Act 
and Red production. 
Another interesting gene induced at 24 h of the growth in MT1110flabsAJA2 was 
SC03829, encoding a putative dihydrolipoatnide acyl transferase con1ponent E2. This 
gene is a part of an operon (SC03 829-31) that has shown to be involved in physiological 
differentiation inS. coelicolor and S. avermitilis (Sprusansky et al., 2005; Denoya et al., 
1995). This operon encodes the branched-chain a-keto acid dehydrogenase (BCDH) 
cotnplex. This cotnplex is involved in valine, isoleucine and leucine catabolisn1 that 
generates isobutyryl-CoA and 2-tnethyl butyryl-CoA. These tnetabolites are utilized 
during polyketide biosynthesis. An increased expression of this gene tnay also provide 
precursors for Act biosynthesis in MTlll 0!1absAJA2. This finding also awaits 
confinnation by Q-RT-PCR and 'ADAM' analysis. 
The absA locus was identified by tnutants those were unable to produce any of 
the four antibiotics (Adatnidis et al., 1990). Further analysis revealed that those 
tnutations were located in the sensor kinase gene. Due to those mutations absAJ was 
'locked' in its AbsA2 kinase fonn. Nulltnutations of either absAJ or absA2 showed the 
opposite phenotype and were found to produce all four antibiotics pretnaturely. Fron1 the 
tnicroarray data both phenotypes of absA mutants can be explained. In antibiotic 
synthesis deficient ( abs) phenotype AbsA2 is constitutively phosphorylated and therefore 
represses the transcription of the target genes by binding to the protnoter sites. The result 
of this repression is that no enzytnes, or lower levels of the enzytnes, are produced whose 
reactions generate precursors of the four different antibiotics, tnainly acetyl-CoA. If 
AbsA2 directly binds the promoter regions of the target genes then probable candidate 
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genes for AbsA2 binding are valine dehydrogenase, dihydrolipomnide transacylase, 
alpha-subunit of pyruvate dehydrogenase and pyruvate kinase 2. If AbsA2 represses the 
transcription of these genes by binding to upstremn regions then ChiP-on-chip analysis 
should reveal those binding sites (J. Jiln, personal co1n1nunication). In absA deletion 
tnutants the hyper-production of antibiotics observed 1nay be due to unavailability of 
repressor (AbsA2---P) and constitutive transcription of above genes and result in enhanced 
availability of precursors for antibiotic production. This prediction can be verified by 
perfonning 1netabolic profiling of MTlll 0!1absAJA2 to check the levels of those 
metabolites, which serve as precursors for antibiotic production. 
Fro1n the phenotypic observations and microarray data analysis of the 
MT1110!1absAJA2 mutant, it can be proposed that absA nulltnutants can be used as a 
host for the heterologous expression of polyketide gene clusters, as this strain is predicted 
to generate elevated levels of precursors that are the building blocks of the polyketides. 
To n1axin1ize the availability of these precursors only for the biosynthesis of the 
heterologous product of interest the biosynthetic gene clusters of the Act, Red and CDA 
products could be deleted fro1n the host. 
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Appendix I 
Appendix 1: 
Lists of genes identified by Rank Product analysis 
Table 1-1: Predicted protein products and p-values of up regulated genes inS. coelicolor 
MT111 OflabsAJA2 co1npared to MT111 0 wild-type at 18 has identified by Rank Product 
1 . (t 100 1 t d ) ana ys1s op- up regu a e genes. 
Systematic 
name p-value product 
SC04491 7.21 E-06 probable octaprenyltransferase 
SC04728 1.59E-05 rpsK, 305 ribosomal protein 511 
5C01277 2.88E-05 unknown 
SC07651 0.000555 probable tetR-family transcriptional regulator 
5C03716 0.000675 probable cation transport system component 
SC07742 0.000715 probable MarR-family transcriptional regulator 
SC00555 0.0011 possible membrane-bound oxidoreductase 
5C02075 0.001162 probable DNA-binding protein 
SC04510 0.001278 unknown 
5C00937 0.001375 hypothetical protein 
SC04123 0.002152 possible two-component system response regulator 
SC03725 0.002221 possible membrane protein 
SC02978 0.002355 possible secreted protein 
5C07472 0.002528 possible . phenylacetic acid degradation protein PaaB 
SC01104 0.002677 probable tetR-family transcriptional regulatory protein 
5C07019 0.002906 ami, secreted alpha-amylase (EC 3.2.1.1) 
SC03497 0.002927 probable polyguluronate lyase precursor 
SC00709 0.00324 possible branched-chain amino acid transport ATP-binding protein 
SC05349 0.003302 probable integrase 
SC00877 0.003534 possible transcriptional regulatory protein 
5C01357 0.004167 hypothetical protein 
SC01018 0.004271 putative glutamate racemase 
possible CDP-diacylglycerol--glycerol-3-phosphate 3-phosphatidyl-
SC01389 0.005046 transferase 
SC02823 0.005063 possible decarboxylase 
SC07353 0.005705 unknown 
SC03712 0.005757 possible hydrolase 
SC00767 0.006072 hypothetical protein 
SC06383 0.006352 probable integral membrane protein 
SC04122 0.006423 possible MarR-family transcriptional regulator 
SC06722 0.006646 possible regulator 
SC04308 0.006963 possible transcriptional regulator 
SC00965 0.007217 conserved hypothetical protein 
SC04380 0.007368 probable acetyl/propionyl CoA carboxylase, beta subunit 
SC03308 0.007593 probable DNA-binding protein 
SC01419 0.007659 putative phosphodiesterase 
SC00753 0.00775 unknown 
SC01798 0.00812 possible ABC transporter ATP-binding subunit 
SC02834 0.00841 possible membrane protein 
SC01082 0.008432 probable electron transfer flavoprotein, beta subunit 
5C06277 0.008626 possible epoxide hydrolase 
SC04203 0.008762 unknown 
5C02505 0.0089 probable ABC-transporter metal-binding lipoprotein 
SC05933 0.00903 possible membrane protein 
SC02241 0.009044 probable glutamine synthetase (EC 6.3.1.2) 
SC00449 0.009125 possible secreted solute-binding lipoprotein 
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SC07525 0.009163 possible oxidoreductase 
SC00425 0.009343 unknown 
SC01830 0.00947 unknown 
SC00933 0.009752 possible lipoprotein 
SC01165 0.010019 possible integral membrane protein 
SC00531 0.010032 probable sugar transporter sugar binding protein 
SC04490 0.010089 putative decarboxylase 
SC00964 0.010134 unknown 
SC00830 0.010392 possible penicillin-binding protein 
SC06750 0.010486 possible I PP isomerase 
SC07743 0.010486 unknown 
SC05374 0.010636 atpC, ATP synthase epsilon chain (EC 3.6.1.34) 
SC02370 0.010708 unknown 
SC04893 0.010918 possible transport integral membrane protein 
SC01681 0.010957 probable gluconate dehydrogenase 
SC06810 0.011071 unknown 
SC03516 0.01109 unknown 
SC00446 0.011284 unknown 
Table 1-2: Predicted protein products and p-values of up regulated genes inS. coelicolor 
ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ co1npared to MT1110 wild-type at 21 has identified by Rank Product 
1 . (t 100 1 t d ) ana ys1s op- up regu a e genes . 
Systematic 
name p-value product 
SC07472 6.49E-05 possible phenylacetic acid degradation protein PaaB 
SC04728 9.51 E-05 rpsK, 30S ribosomal protein S11 
SC05906 0.000107 probable transcriptional regulator 
SC05145 0.000151 conserved hypothetical protein 
SC06750 0.000206 possible IPP isomerase 
SC07307 0.000206 possible LysR-family transcriptional regulator 
SC07742 0.000255 probable MarR-family transcriptional regulator 
SC04490 0.000261 putative decarboxylase 
SC04507 0.000298 probable serine/threonine protein kinase 
SC01499 0.000535 possible integral membrane protein 
SC04232 0.000577 probable transcriptional factor regulator 
SC06958 0.000649 possible membrane protein 
SC05745 0.000676 unknown 
SC04858 0.000735 dhsC, possible succinate dehydrogenase membrane subunit 
SC06883 0.000775 possible membrane protein 
SC06251 0.000948 possible reductase 
SC05933 0.001002 possible membrane protein 
SC01276 0.001276 sigJ, RNA polymerase ECF sigma factor 
SC00964 0.00128 unknown 
SC05820 0.001449 hrdB, major vegetative sigma factor 
SC07689 0.001738 probable ABC transporter ATP-binding protein 
SC06324 0.002101 possible hydrolase 
SC01824 0.002123 ssp, secreted subtilisin-like protease 
SC01402 0.002145 cvnA4, possible large secreted protein 
SC01026 0.00239 probable transcriptional regulatory protein 
SC05240 0.002404 wbiE, hypothetical protein 
SC07466 0.002574 cvnD13, possible ATP/GTP-binding protein 
SC00713 0.002648 lipA, lipase (putative secreted protein) 
SC00708 0.002656 possible branched-chain amino acid ABC transport protein 
SC07640 0.00278 possible lysR-family transcrip_tional regulator 
SC05355 0.002806 thrC, threonine synthase 
SC04563 0.002929 nuoB, NADH dehydrogenase subunit 
SC05209 0.003056 possible tetR-family transcriptional regulator 
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SC01094 0.003082 probable tetR-family regulatory protein 
SC00725 0.003095 3SC5B7.03, unknown, len: 125 aa 
SC00965 0.003488 conserved hypothetical protein 
SC00679 0.003544 unknown 
SC05374 0.003553 atpC, ATP synthase epsilon chain (EC 3.6.1.34) 
SC01082 0.003782 probable electron transfer flavoprotein, beta subunit 
SC06905 0.003788 unknown 
SC00999 0.003869 sodF2, superoxide dismutase 
SC05848 0.003909 agaZ, possible tagatose 6-phosphate kinase 
SC00852 0.003933 possible aldolase 
SC01426 0.004018 unknown 
SC01270 0.00422 probable pyruvate dehydrogenase alpha subunit 
SC04986 0.00431 probable D-aminoacylase 
SC01507 0.004406 possible integral membrane protein 
SC06315 0.00471 putative membrane protein 
SC07019 0.00471 am I, secreted alpha-amylase (EC 3.2.1.1) 
SC07119 0.004885 probable dehydrogenase 
SC01236 0.005042 ureA, urease gamma subunit 
SC07650 0.005153 possible secreted hydrolase 
SC06712 0.0055 possible copper oxidase 
SC01144 0.005654 possible ABC transporter ATP-binding protein 
SC07347 0.005871 unknown, partial CDS 
SC06187 0.005898 possible bifunctional synthase/transferase 
SC07636 0.005956 possible membrane protein 
SC06662 0.006046 tal1, probable transaldolase 
SC00745 0.006114 possible tetR-family transcriptional regulator 
SC02342 0.006506 possible secreted protein 
SC01419 0.006555 putative phosphodiesterase 
SC04670 0.006712 probable serine protease precursor 
SC02203 0.006828 hypothetical protein 
SC00312 0.007424 probable acyl-GoA dehydrogenase 
SC05854 0.007701 possible thiosulfate sulfurtransferase 
SC02145 0.008306 unknown 
SC01685 0.008387 possible integral membrane protein 
SC05476 0.008471 probable oligopeptide transport integral membrane protein 
SC06383 0.008899 probable integral membrane protein 
SC05114 0.009 bldKC, possible ABC transport system integral membrane protein 
SC01241 0.009092 conserved hypothetical protein 
SC06971 0.009216 possible methylase 
SC04252 0.009251 unknown 
SC05584 0.009369 glnB, nitrogen regulatory protein P-11 
SC07292 0.009643 possible threonine dehydratase 
SC06384 0.009699 probable integral membrane lysyl-tRNA synthetase 
SC01104 0.009892 probable tetR-family transcriptional regulatory protein 
SC02456 0.009947 possible integral membrane protein 
SC06282 0.010084 probable 3-oxoacyl-[acyl-carrier protein] reductase 
SC00240 0.010222 possible oxidoreductase 
SC01023 0.010245 possible membrane protein 
SC06994 0.010352 unknown 
SC01836 0.010431 possible stress-like protein 
SC01681 0.010528 probable gluconate dehydrogenase 
SC00479 0.010535 putative phosphatase 
SC05471 0.010703 gcvH, probable glycine cleavage system H protein 
SC02689 0.010731 possible membrane protein 
SC06710 0.010837 possible glycosyJ hydrolase 
SC06453 0.011206 probable transport permease protein 
SC07648 0.011376 probable two-component system response regulator 
SC06101 0.011678 unknown 
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SC07090 0.012287 possible integral membrane protein 
SC00846 0.012391 hypothetical protein 
SC00937 0.012524 hypothetical protein 
SC01815 0.012551 fabG, probable 3-oxacyl-(acyl-carrier-protein) reductase 
SC04491 0.012896 probable octaprenyltransferase 
SC03614 0.01302 asd2, probable aspartate-semialdehyde dehydrogenase 
SC02953 0.013063 possible membrane protein 
SC07135 0.0132 unknown 
SC02029 0.013429 putative secreted protein 
Table 1-3: Predicted protein products and p-values of up regulated genes inS. coelicolor 
MT1110LlabsAJA2 cmnpared to MTlllO wild-type at 22 has identified by Rank Product 
analysis (top-100 up regulated genes). 
Systematic 
name p-value product 
SC04728 1.01 E-05 rpsK, 30S ribosomal protein S11 
SC01241 1.44E-05 conserved hypothetical protein 
SC00210 0.000107 hypothetical protein 
SC02823 0.000395 possible decarboxylase 
SC00449 0.000445 possible secreted solute-binding lipoprotein 
SC01104 0.000562 probable tetR-family transcriptional regulatory protein 
SC00830 0.000624 possible penicillin-binding protein 
SC07640 0.000788 possible lysR-family transcriptional reaulator 
SC04491 0.000898 probable octaprenyltransferase 
SC01419 0.001025 putative phosphodiesterase 
SC03614 0.001212 asd2, probable aspartate-semialdehyde dehydrogenase 
SC07525 0.001237 possible oxidoreductase, partial CDS 
SC01977 0.001271 possible glutamate synthase small subunit 
SC01685 0.001359 possible integral membrane protein 
SC00238 0.001443 hypothetical protein 
SC07691 0.001483 possible lyase 
SC01009 0.001596 possible transposase 
SC01575 0.001616 possible thiamine biosynthesis lipoprotein precursor 
scoooo8 0.001659 unknown 
SC01994 0.00231 possible integral membrane protein 
SC03986 0.002561 possible GntR-family transcriptional regulator 
SC01018 0.002694 putative glutamate racemase 
SC00446 0.002796 unknown 
SC01982 0.00288 hypothetical protein 
SC07173 0.002982 possible transcriptional regulator (fragment) 
SC01372 0.003161 possible integral membrane protein 
SC04628 0.003162 putative regulator 
SC04520 0.003216 hypothetical protein 
SC01270 0.003991 probable pyruvate dehydrogenase alpha subunit 
SC04364 0.004268 unknown 
SC06798 0.004325 unknown 
SC04470 0.004496 probable phosphoglycerate mutase 
SC02215 0.004722 possible two-component system sensor kinase 
SC01855 0.004735 probable precorrin-4 C 11-methyltransferase 
SC06191 0.004792 unknown 
SC03238 0.004924 unknown 
SC01668 0.005104 unknown 
SC00920 0.005226 probable acyltransferase 
SC00124 0.005306 unknown 
SC01878 0.005535 possible secreted protein 
SC06594 0.006165 probable secreted protein 
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SC03774 0.006206 possible beta-lactamase related protein 
SC00299 0.006216 possible oxidoreductase 
SC00777 0.006247 conserved hypothetical protein 
SC00854 0.006385 unknown 
SC06605 0.007112 probable beta-glucanase pseudogene fragment 
SC00051 0.007112 partial CDS, possible transposase 
SC05349 0.007244 probable integrase 
SC01276 0.007264 sigJ, RNA polymerase ECF sigma factor 
SC00849 0.007305 possible membrane protein 
SC06230 0.007434 probable sugar transport system permease protein 
SC04958 0.007442 metB, cystathionine gamma-synthase 
SC00939 0.007747 probable hydrolase 
SC07472 0.00803 possible phenylacetic acid degradation protein PaaB 
SC01468 0.0082 possible serine/threonine protein kinase 
SC00846 0.008612 hypothetical protein 
SC04893 0.00868 possible transport integral membrane protein 
SC07446 0.008902 possible regulator 
SC06750 0.009115 possible IPP isomerase 
SC03012 0.009167 probable two-component system histidine kinase 
SC02958 0.009667 possible transcriptional regulator 
SC01094 0.009694 probable tetR-family regulatory protein 
SC06122 0.009839 possible membrane protein 
SC02867 0.009895 unknown 
SC01887 0.010252 possible integral membrane transport protein 
SC07392 0.010355 unknown 
SC07023 0.010497 unknown 
SC07019 0.01066 ami, secreted alpha-amylase (EC 3.2.1.1) 
SC07715 0.011023 hypothetical protein 
SC04720 0.011091 rpmD, 50S ribosomal protein L30 
SC01012 0.011209 probable oxidoreductase 
SC01111 0.011261 conserved hyp_othetical protein 
SC02818 0.011355 hypothetical protein 
SC00336 0.011653 possible integral membrane protein 
SC05854 0.011656 possible thiosulfate sulfurtransferase 
SC03509 0.011854 unknown 
SC02075 0.011943 probable DNA-binding protein 
SC00661 0.011985 possible binding protein dependent transport protein 
SC01435 0.012058 possible integral membrane protein 
SC02762 0.012212 possible secreted protein 
SC00987 0.01231 possible integral membrane protein 
SC06187 0.012352 possible bifunctional synthase/transferase 
SC01485 0.012984 possible integral membrane protein 
SC07812 0.013296 possible insertion element transposase 
SC07086 0.01334 possible MerR-family transcriptional regulator 
SC00880 0.013415 possible membrane protein 
SC00984 0.0135 possible 3-hydroxyacyi-CoA dehydrogenase 
SC02274 0.013536 ABC transport protein 
SC01434 0.013596 possible CbxX/CfqX family protein 
SC06840 0.013697 unknown 
SC01201 0.0142 possible reductase (fragment) 
SC05443 0.014598 pep1A, possible alpha-amylase 
SC06318 0.01482 conserved hypothetical protein 
SC01515 0.014872 secF, protein-export membrane protein 
possible nicotinate-nucleotide-dimethylbenzimidazole 
SC02175 0.01497 phosphoribosyltransferase 
SC04652 0.015048 rpiJ, 50S ribosomal protein L 10 
SC03576 0.015134 hypothetical protein 
SC02456 0.015317 possible integral membrane protein 
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SC00964 0.01537 unknown 
SC01907 0.015969 unknown 
Table 1-4: Predicted protein products and p-values of up regulated genes inS. coelicolor 
MT111011absAJA2 cotnpared to MTlllO wild-type at 23 has identified by Rank Product 
analysis (top-1 00 up regulated genes). 
Systematic 
name p-value product 
SC04044 0.00015 unknown 
SC07640 0.000159 possible lysR-family transcriptional regulator 
SC01830 0.000202 unknown 
SC06669 0.000304 probable transcriptional regulator 
SC02800 0.000517 probable two component system histidine kinase 
SC00698 0.000699 unknown 
SC04689 0.000703 hypothetical protein 
SC04728 0.000823 rpsK. 308 ribosomal protein 811 
SC01795 0.000848 unknown 
8C05560 0.000868 ddiA. 0-alanine-D-alanine ligase 
8C01411 0.001227 possible transmembrane transport protein 
SC02286 0.00128 possible alkaline phosphatase 
SC04148 0.00162 probable ABC transport system A TP-binding protein 
SC03204 0.001986 unknown 
SC04652 0.002058 rpiJ. 50S ribosomal protein L 10 
SC07208 0.002149 unknown 
SC04984 0.002303 probable aminotransferase 
SC07773 0.002424 conserved hypothetical protein 
SC00877 0.002489 possible transcriptional regulatory protein 
SC03012 0.002688 probable two-component system histidine kinase 
SC06662 0.002736 tal1. probable transaldolase 
SC06187 0.002798 possible bifunctional synthase/transferase 
SC04388 0.002877 probable citrate synthase 
SC04844 0.003037 possible integral membrane protein 
SC05142 0.003054 possible secreted protein 
SC04347 0.003097 unknown 
SC00854 0.003206 unknown 
SC03216 0.003296 probable integral membrane A TPase 
8C03154 0.00337 possible integral membrane protein 
SC02203 0.003745 hypothetical protein 
SC04105 0.003807 unknown 
SC03309 0.003972 hypothetical protein 
SC01983 0.004029 conserved hypothetical protein 
SC05989 0.004135 possible integral membrane protein 
SC03828 0.004176 possible molybdopterin-guanine dinucleotide biosynthesis protein 
SC07307 0.004256 possible LysR-family transcriptional regulator 
SC04893 0.0044 possible transport integral membrane protein 
SC04597 0.004445 possible two-component system sensor kinase 
SC04980 0.004579 unknown 
SC01900 0.004723 possible integral membrane sugar transport protein 
SC07472 0.004951 possible phenylacetic acid degradation protein PaaB 
8C04661 0.004994 fusA. elongation factor G 
SC06112 0.005324 probable oligopeptide ABC transporter integral membrane protein 
SC07799 0.005713 possible transposase 
SC06923 0.005885 unknown 
8C00720 0.005927 possible integral membrane protein 
SC07019 0.006175 am 1. secreted alpha-amylase (EC 3.2. 1.1) 
SC06509 0.006682 small hydrophobic protein 
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SC01740 0.006721 possible membrane protein 
SC07577 0.007011 possible secreted hydrolase 
SC03358 0.007679 cseB, two-component system response regulator 
SC00873 0.007809 doubtful CDS 
SC05364 0.00856 glyA3, serine hydroxymethyltransferase {EC 2.1.2.1) 
SC06608 0.008812 probable secreted protein 
SC03746 0.008866 putative membrane protein 
SC03809 0.009017 probable transmembrane transport protein 
SC02473 0.009024 probable nitrate reductase 
SC03893 0.009152 hypothetical protein 
SC03602 0.009813 probable transmembrane transport protein 
SC07190 0.010043 hypothetical protein 
SC04188 0.01027 possible GntR-family transcriptional regulator 
SC04152 0.010398 possible secreted 5'-nucleotidase 
SC02154 0.01082 possible integral membrane protein 
SC03510 0.01127 possible DNA methylase 
SC06251 0.011349 possible reductase 
SC02928 0.011371 probable asnC-family transcriptional regulator 
SC03121 0.011404 unknown 
SC02497 0.011473 hypothetical protein 
SC03768 0.011619 possible translocase protein 
SC01575 0.011662 possible thiamine biosynthesis lipoprotein precursor 
SC02347 0.011715 possible integral membrane protein 
SC05349 0.012018 probable integrase 
SC04089 0.012123 valine dehydrogenase (EC 1.4.1.-) 
SC05234 0.012163 R_ossible sugar transporter integral membrane protein 
SC05018 0.012217 possible integral membrane protein 
SC07167 0.012485 probable secreted sugar-binding protein 
SC03833 0.012573 possible transcriptional regulator 
SC04520 0.012984 hypothetical protein 
SC07587 0.013035 possible integral membrane protein 
SC01562 0.0131 possible integral membrane protein 
SC01911 0.013195 possible integral membrane protein 
SC06012 0.013204 probable hydrolase 
SC01277 0.013335 unknown 
SC05970 0.013347 unknown 
SC04003 0.013485 unknown 
SC05092 0.013511 actVB, actinorhodin polyketide possible dimerase 
SC01812 0.013549 possible integral membrane transporter 
SC07680 0.014086 possible ABC transporter AlP-binding protein 
SC07244 0.014184 probable long-chain-fatty-acid-GoA ligase 
SC04847 0.014284 possible D-alanyi-D-alanine carboxypeptidase 
SC07783 0.014359 pseudogene, transposase remnant 
SC04803 0.014421 conserved hypothetical protein 
SC07382 0.0145 unknown 
SC06750 0.014609 possible I PP isomerase 
SC07495 0.015754 unknownpseudogene 
SC01024 0.015964 hypothetical protein 
SC04590 0.015979 hypothetical protein 
SC07635 0.016572 snp3, secreted extracellular small neutral protease 
SC02191 0.016588 probable oxidoreductase 
SC04490 0.016656 putative decarboxylase 
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Table 1-5: Predicted protein products and p-values of up regulated genes inS. coelicolor 
MT1110bt.absAJA2 co1npared to MTlllO wild-type at 24 has identified by Rank Product 
analysis (top-100 up regulated genes). 
Systematic 
name p-value product 
SC07635 2.88E-06 snp3, secreted extracellular small neutral protease 
SC02203 1.73E-05 hypothetical protein 
SC01560 5.62E-05 possible phosphatase 
SC07781 7.21 E-05 pseudogene, transposase remnant 
SC04395 0.00013 possible hydrolase 
SC06012 0.000319 probable hydrolase (putative secreted protein) 
SC04082 0.000326 possible secreted peptidase 
SC06384 0.000385 probable integral membrane lysyl-tRNA synthetase 
SC04847 0.000455 2_ossible 0-alanyi-D-alanine carboxypeptidase 
SC04017 0.000455 desR2, iron dependent repressor 
SC05965 0.000651 possible integral membrane protein 
SC07446 0.00067 possible regulator 
SC04728 0.00068 rpsK, 30S ribosomal protein S11 
SC04520 0.000685 hypothetical protein 
SC05212 0.00069 aroA2, 3-phosphoshikimate 1-carboxyvinyltransferase 
SC04652 0.000719 rpiJ, 50S ribosomal protein L 10 
SC03562 0.001033 possible integral membrane transport 
SC03566 0.001322 possible hydrolase 
SC00119 0.00134 possible small secreted protein 
SC04105 0.001421 unknown 
SC07742 0.001459 probable MarR-family transcriptional regulator 
SC04636 0.001544 hypothetical protein 
SC07306 0.001544 regulatory protein 
SC04661 0.002084 fusA, elongation factor G 
SC00708 0.002152 possible branched-chain amino acid ABC transport protein 
SC03121 0.002244 unknown 
SC01475 0.002354 probable primosomal protein n' 
SC05401 0.002354 probable integral membrane protein 
SC04011 0.002361 possible integral membrane protein 
SC00203 0.002489 probable two-component sensor 
SC00238 0.002505 hypothetical protein 
SC04992 0.002672 unknown 
SC03068 0.00272 sig15, putative RNA polymerase sigma factor 
SC05989 0.00272 possible integral membrane protein 
SC03204 0.003221 unknown 
SC02786 0.003318 hexA, beta-N-acetylhexosaminidase precursor 
SC07027 0.003455 probable Lacl-family transcriptional regulator 
SC00720 0.003883 possible integral membrane protein 
SC01907 0.0039 unknown 
SC04756 0.003906 unknown 
SC03418 0.003993 probable ABC transporter ATP-binding component 
SC00143 0.004017 possible membrane protein 
SC05117 0.004092 possible peptide transport system secreted peptide-binding protein 
SC06750 0.004193 possible I PP isomerase 
SC07472 0.004253 possible phenylacetic acid degradation protein PaaB 
SC04148 0.005004 probable ABC transport system ATP-binding protein 
SC00876 0.005084 unknown 
SC07502 0.005095 possible Lacl-family transcriptional regulator 
SC04411 0.00537 probable calcium binding protein 
SC01426 0.00537 unknown 
SC02441 0.005458 unknown 
SC01411 0.005555 SC6D7.28c, possible transmembrane transport protein 
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SC00960 0.00569 possible hydrolase (putative secreted protein) 
SC04101 0.005716 possible secreted protein 
SC07195 0.005957 unknown 
SC02354 0.006009 unknown 
SC02628 0.006245 probable amino acid permease 
SC03000 0.006679 possible phosphatase 
SC03041 0.006839 hypothetical protein 
SC04563 0.006918 nuoB, NADH dehydrogenase subunit 
SC02154 0.007112 possible integral membrane protein 
SC07800 0.007282 unknown, doubtful CDS 
SC07586 0.007443 probable oxidoreductase 
SC02800 0.007466 probable two component system histidine kinase 
SC02400 0.007782 putative membrane protein 
SC03829 0.008014 bkdC2, probable dihydrolipoamide acyltransferase component E2 
SC04598 0.008531 possible two-component system sensor kinase 
SC01824 0.008833 ssp, secreted subtilisin-like protease 
SC02239 0.008975 possible secreted protein, partial CDS 
SC06509 0.009027 small hydrophobic protein 
SC04767 0.009357 probable regulatory protein 
SC07789 0.009637 unknown 
SC04020 0.00964 probable two component system response regulator 
SC04905 0.009668 possible lipoprotein 
SC05349 0.010646 probable integrase 
SC02562 0.010712 !epA, GTP-binding protein 
SC04726 0.010752 rpmJ, 50S ribosomal protein L36 
SC07689 0.010778 probable ABC transporter ATP-binding protein 
SC06928 0.010817 possible 0-methyltransferase 
SC06434 0.010839 partial CDS, probable oxidoreductase 
SC06548 0.011018 probable secreted cellulase 
SC05666 0.011114 probable aldehyde dehydrogenase 
SC03252 0.011218 repSA, replication initiator protein 
SC02762 0.011423 possible secreted protein 
SC01368 0.011622 possible ABC transport system transmembrane protein 
SC00212 0.012099 unknown 
SC00199 0.012267 probable alcohol dehydrogenase 
SC03419 0.012463 hypothetical protein 
SC03387 0.012733 possible transcriptional regulator 
SC02420 0.012806 possible ABC-transporter integral membrane protein (fragment) 
SC01982 0.012832 hypothetical protein 
SC05688 0.013468 probable transport system integral membrane protein 
SC04980 0.01359 unknown 
SC03469 0.013655 18469, transposase 
SC06941 0.013801 cvnC8, unknown 
SC03381 0.014102 nadC, nicotinate-nucleotide pyrophophorylase 
SC00270 0.014275 unknown 
SC06225 0.014311 probable secreted protein 
SC06971 0.014369 possible methylase 
SC02818 0.014674 hypothetical protein 
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Table 1-6: Predicted protein products and p-values of up regulated genes inS. coelicolor 
MTlllO!labsAJA2 compared to MTlllO wild-type at 42 has identified by Rank Product 
1 . ( 100 1 d ) ana ys1s top- up regu ate genes . 
Systematic 
name p-value product 
SC01166 0 possible integral membrane protein 
SC02203 5.77E-06 hypothetical protein 
SC03924 1.44E-05 possible membrane protein 
8C04031 3.46E-05 probable integral membrane transport protein 
8C04791 4.04E-05 possible two-component system sensor kinase 
8C03956 4.04E-05 putative ABC transporter ATP-binding protein 
8C01543 4.76E-05 putative membrane protein 
8C04847 0.000124 possible D-alanyl-0-alanine carboxypeptidase 
8C04728 0.000166 rpsK, 308 ribosomal protein 811 
SC04520 0.000267 hypothetical protein 
8C07587 0.000313 possible integral membrane protein 
8C07586 0.000406 probable oxidoreductase 
SC03566 0.00045 possible hydrolase 
SC06012 0.000477 probable hydrolase (putative secreted protein) 
SC00850 0.00063 possible membrane protein 
SC04844 0.000657 possible integral membrane protein 
SC05933 0.000947 possible membrane protein 
SC01560 0.000954 . possible phosphatase 
SC04232 0.00096 probable transcriptional factor regulator 
SC00238 0.001069 hypothetical protein 
8C02485 0.001116 hypothetical protein 
8C05145 0.001149 conserved hypothetical protein 
8C06750 0.001274 possible I PP isomerase 
8C02090 0.001381 ftsl, cell division protein 
8C03435 0.001469 probable transcriptional regulator 
SC04105 0.001519 unknown 
SC00669 0.001748 possible TetR-family transcriptional regulator 
8C02903 0.001809 possible secreted protein 
8C03068 0.002032 sig15, putative RNA polymerase sigma factor 
8C00708 0.002063 possible branched-chain amino acid ABC transport protein 
SC02354 0.002234 unknown 
8C07446 0.002419 possible regulator 
8C03111 0.002453 possible ABC transport system A TP-binding protein 
8C00818 0.002584 probable ABC transporter ATP-binding protein 
8C04516 0.002619 unknown 
8C07512 0.002812 probable AraC-family transcriptional regulator 
8C00185 0.002848 crtB, possible geranylgeranyl pyrophosphate synthase 
8C07781 0.002936 pseudogene, transposase remnant 
8C01907 0.002956 unknown 
8C03172 0.002997 probable monooxygenase 
8C04395 0.003103 possible hydrolase 
8C04148 0.00311 probable ABC transport system ATP-binding protein 
8C04901 0.003224 probable adenosine deaminase 
8C00143 0.003265 possible membrane protein 
SC03925 0.003278 probable transcriptional regulator 
SC07759 0.003291 possible DNA-binding protein 
SC00152 0.003358 possible transmembrane transport protein 
8C03959 0.00336 possible integral membrane protein 
8C02199 0.003366 possible integral membrane _protein 
8C00119 0.003479 possible small secreted protein 
8C07640 0.0039 possible lysR-family transcriptional regulator 
8C01830 0.003995 unknown 
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SC03034 0.004173 whiB, sporulation regulatory .protein 
SC01641 0.00418 probable ｴｲ｡ｮｳｾｯｲｴ＠ protein 
SC06607 0.004398 unknown 
SC06230 0.004457 probable sugar transport system permease protein 
SC03204 0.004509 unknown 
SC06940 0.004705 cvnD8, possible ATP/GTP binding protein 
SC02990 0.004882 hypothetical protein 
SC01740 0.005108 possible membrane protein 
SC07742 0.005657 probable MarR-family transcriptional regulator 
SC04082 0.005685 possible secreted peptidase 
SC06403 0.005696 unknown 
SC04689 0.005761 hypothetical protein 
SC04017 0.006176 desR2, iron dependent repressor 
SC06941 0.006216 cvnC8, unknown 
SC04193 0.006446 possible A TP/GTP-binding membrane protein 
SC05180 0.006446 peptidase 
SC01341 0.006629 possible lipoprotein 
SC02316 0.006672 unknown 
SC05639 0.006761 unknown 
SC04819 0.006872 possible secreted protein 
SC06608 0.006872 probable secreted protein 
SC03725 0.006985 possible membrane protein 
SC06548 0.006999 probable secreted cellulase 
SC03716 0.007025 probable cation transport system component 
SC03418 0.00725 probable ABC transporter ATP-binding component 
SC07689 0.007433 probable ABC transporter ATP-binding protein 
SC06213 0.007459 probable hydrolase 
SC06926 0.007521 unknown 
SC01668 0.007773 unknown 
SC05666 0.007782 probable aldehyde dehydrogenase, partial CDS 
SC04199 0.007858 unknown 
SC05906 0.008157 probable transcriptional regulator 
SC06018 0.00825 unknown 
SC03083 0.008641 possible integral membrane protein 
SC01012 0.008691 probable oxidoreductase 
SC07328 0.008727 possible regulatory protein 
SC04123 0.008956 possible two-component system response regulator 
SC06482 0.009127 conserved hypothetical protein 
SC03562 0.009608 possible integral membrane transport 
SC04089 0.009631 valine dehydrogenase (EC 1.4.1.-) 
SC06662 0.009716 tal1, probable transaldolase 
SC07208 0.009765 unknown 
SC04101 0.010045 possible secreted protein 
SC00168 0.010082 possible regulator 
SC06362 0.010153 probable two-component sensor 
SC01617 0.01016 probable integral membrane protein 
SC07203 0.010176 possible integral membrane protein 
SC01855 0.010248 probable precorrin-4 C11-methyltransferase 
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Table 1-7: Predicted protein products and p-values of up regulated genes inS. coelicolor 
ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ cotnpared to MTlllO wild-type at 72 has identified by Rank Product 
analysis (top-1 00 up regulated genes". 
Systematic name p-value product 
SC04520 4.32E-06 hypothetical protein 
SC03800 8.65E-06 possible acyl-GoA dehydrogenase 
SC06501 7.06E-05 gvpF, probable gas vesicle synthesis protein 
SC06604 8.36E-05 probable beta-glucosidase 
SC00922 8.50E-05 probable reductase iron-sulfur protein 
SC01907 9.37E-05 unknown 
SC07759 9.95E-05 possible DNA-binding protein 
SC03958 0.000108 ABC transporter ATP-binding protein 
SC02908 0.000118 conserved hypothetical protein 
SC01166 0.000251 possible integral membrane protein 
SC00914 0.000262 possible lipoprotein 
SC02819 0.00028 hypothetical protein 
SC05265 0.000293 hypothetical protein 
SC03410 0.000304 possible membrane protein 
SC03956 0.000306 putative ABC transporter ATP-binding protein 
SC02610 0.000316 mreC, rod shape-determining protein 
SC01543 0.000359 putative membrane protein 
SC03959 0.000362 possible integral membrane protein 
SC04089 0.000409 valine dehydrogenase (EC 1.4.1.-) 
SC02203 0.000497 hypothetical protein 
SC04395 0.000688 possible hydrolase 
SC03699 0.000801 probable transcriptional regulator 
SC01171 0.000824 possible xylose repressor 
SC04216 0.000912 unknown 
SC05128 0.000917 possible membrane protein 
SC01249 0.000925 unknown 
SC01012 0.000947 probable oxidoreductase 
SC06393 0.000993 probable transposase IS21/IS1162 family 
SC04636 0.001081 hypothetical protein 
SC02410 0.001191 possible integral membrane protein 
SC03426 0.001225 conserved hypothetical protein 
SC04537 0.001242 unknown 
SC00742 0.001277 ABC transporter (partial CDS) 
SC01206 0.001346 possible polyketide synthase 
SC01530 0.001353 hypothetical HIT family protein 
SC01675 0.001444 possible small membrane protein 
SC04232 0.001551 probable transcriptional factor regulator 
SC04605 0.001575 nuoK2, NADH dehydrogenase subunit 
SC02395 0.00172 possible integral membrane protein 
SC01018 0.001858 putative glutamate racemase 
SC07196 0.002071 possible ion transport integral membrane protein 
SC06012 0.002168 probable hydrolase (putative secreted protein) 
SC00468 0.002174 unknown 
SC02904 0.002251 rp_h, probable ribonuclease PH 
SC06153 0.002297 possible regulatory_protein 
SC00030 0.002419 unknown 
SC04847 0.00245 possible D-alanyl-0-alanine carboxypeptidase 
SC04398 0.002496 conserved hypothetical protein 
SC07562 0.002515 probable transcriptional regulator 
SC01971 0.002616 conserved hypothetical protein 
SC07306 0.002724 regulatory protein 
SC03560 0.003063 possible ATP-binding protein 
SC03110 0.003128 R_OSsible ABC transport system integral membrane 
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protein 
SC07561 0.003213 possible esterase 
SC01800 0.003268 possible small secreted protein 
SC02965 0.003373 possible transport protein 
SC04031 0.003415 probable integral membrane transport protein 
SC07822 0.003417 probable prolipoprotein diacylglyceryl transferase 
SC04106 0.003443 possible bifunctional enzyme deaminase/reductase 
SC03535 0.003624 unknown 
SC04173 0.00399 unknown 
SC05315 0.004003 polyketide cyclase 
SC04034 0.004346 probable RNA polymerase sigma factor 
SC04648 0.004514 rpiK, 50S ribosomal protein L 11 
SC03579 0.004644 probable transcriptional regulator 
SC06572 0.004684 possible glycosyl hydrolase (putative secreted protein 
SC01514 0.005182 apt, adenine phosphoribosiltransferase 
SC02917 0.005187 conserved hypothetical protein 
SC06643 0.00527 unknown 
SC00067 0.005333 probable integral membrane permease 
SC06563 0.005545 probable integral membrane transporter 
SC02079 0.005561 conserved hypothetical protein 
SC03083 0.005594 possible integral membrane protein 
SC05736 0.005859 rpsO, 30S ribosomal protein 515 
SC00393 0.005976 possible transferase 
SC04218 0.006016 possible small hydrophilic protein 
SC01498 0.006277 aroE, shikimate 5-dehydrogenase 
SC04199 0.006289 unknown 
SC03356 0.006349 sigE, ECF sigma factor 
SC00768 0.006519 possible lipoprotein 
SC01174 0.00657 theA, aldehyde dehydrogenase 
SC05234 0.006659 possible sugar transporter integral membrane protein 
SC00568 0.006743 possible polyprenyl synthetase 
SC01236 0.006901 ureA, urease gamma subunit 
SC04418 0.006993 probable oxidase 
SC07743 0.007024 unknown 
SC00276 0.007067 possible oxidoreductase 
SC06789 0.007312 possible fatty oxidation protein 
SC01740 0.007626 possible membrane protein 
SC05507 0.007978 unknown 
SC00446 0.008314 unknown 
SC06637 0.008341 unknown 
SC07745 0.008389 pseudogene 
SC01191 0.008696 possible marR-family transcriptional regulator 
SC00641 0.008697 terD, tellurium resistance protein (partial CDS) 
SC05423 0.008704 pyk2, pyruvate kinase 
SC05142 0.008719 possible secreted protein 
SC00866 0.008781 probable ECF-family sigma factor 
SC06593 0.008871 unknown 
SC01020 0.008946 conserved hypothetical protein 
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Table 1-8: Predicted protein products and p-values of down regulated genes inS. 
coelicolor MTlll ｏｾ｡｢ｳａｊａＲ＠ compared to MTlll 0 wild-type at 18 has identified by 
R 1k P d t l . (t 100 d l t d ) at 1'0 uc ana ys1s op- own regu a e genes . 
Systematic 
name p-value product 
SC00041 2.74E-05 ｊｾｯｳｳｩ｢ｬ･＠ integral membrane protein 
SC07208 7.78E-05 unknown 
SC05710 7.93E-05 large Pro/Aia/Giy-rich protein of unknown function 
SC03828 9.22E-05 possible molybdopterin-guanine dinucleotide biosynthesis protein 
SC05408 0.00014 hypothetical protein 
SC05736 0.000177 30S ribosomal protein S 15 
SC03005 0.000284 preprotein translocase 
SC02389 0.000306 acyl carrier protein 
SC06225 0.000386 probable secreted protein 
SC04812 0.000405 possible integral membrane protein 
SC03375 0.000427 Lsr2-like protein 
SC05291 0.000479 conserved hypothetical protein 
SC04697 0.00048 possible integral membrane protein 
SC07173 0.000853 possible transcriptional regulator (fragment) 
SC07798 0.001 possible transposase 
SC04620 0.001085 possible sporulation-related protein 
SC06501 0.001095 probable gas vesicle synthesis protein 
SC03617 0.001124 hypothetical protein 
SC00288 0.001178 unknown 
SC03270 0.001673 unknown 
SC00305 0.001918 hypothetical protein 
SC04015 0.001947 unknown 
SC04635 0.00222 508 ribosomal protein L33 
SC01600 0.002342 translation initiation factor IF-3 
SC02830 0.00254 probable amino acid ABC transporter protein 
SC06682 0.002819 unknown 
SC03293 0.003084 possible small integral membrane protein 
SC06903 0.003618 unknown 
SC04507 0.003638 probable serine/threonine protein kinase 
SC04445 0.003665 possible transcriptional regulator 
SC00702 0.003693 possible regulator 
SC04490 0.003811 putative decarboxylase 
SC03898 0.003951 probable membrane protein 
SC03121 0.003969 unknown 
SC05055 0.004274 possible exoribonuclease small subunit 
SC04395 0.004594 possible hydrolase 
SC03613 0.004987 possible RNA polymerase sigma factor 
SC01710 0.005124 possible integral membrane transport protein 
SC07435 0.00513 possible transmembrane transport protein 
SC07030 0.005414 possible binding-protein-dependent transport protein 
SC00336 0.005463 possible integral membrane protein 
SC03471 0.005479 extracellular agarase precursor 
SC03297 0.005555 putative membrane protein 
SC01478 0.005568 putative DNA-directed RNA polymerase omega chain 
SC05114 0.005649 bldKC, possible ABC transport system integral membrane protein 
SC04625 0.005827 hypothetical protein 
SC02134 0.006019 unknown 
SC04505 0.006046 scoF2, cold shock protein 
SC04047 0.006147 conserved hypothetical protein 
SC02303 0.00627 unknown 
SC04598 0.006506 possible two-component system sensor kinase 
SC02837 0.006807 possible secreted protein 
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SC07203 0.006823 possible integral membrane protein 
SC00070 0.006856 unknown 
SC04312 0.007117 hypothetical protein 
SC00820 0.007212 unknown 
SC00624 0.007247 possible secreted protein 
SC05441 0.007802 hypothetical protein 
SC00241 0.00787 possible transcriR_tional regulator 
SC05212 0.00834 3-phosphoshikimate 1-carboxyvinyltransferase 
SC06153 0.008621 possible regulatory protein 
SC06214 0.008794 probable permease 
SC04296 0.008811 60 kD chaperonin 2 
SC03328 0.009643 hypothetical protein 
SC00279 0.009986 possible glycosyl hydrolase 
SC05122 0.010245 probable peptidase 
SC04003 0.010248 unknown 
SC06012 0.010326 probable hydrolase (putative secreted protein) 
SC04300 0.010327 hypothetical protein 
SC03915 0.01034 probable transmembrane efflux protein 
SC07089 0.010438 probable two-component system sensor kinase 
SC04734 0.010898 50S ribosomal protein L 13 
SC04011 0.010992 possible integral membrane protein 
SC05180 0.011365 peptidase 
SC07574 0.011404 putative membrane protein 
SC04051 0.011679 conserved hypothetical protein 
SC03204 0.012424 unknown 
SC04641 0.01247 possible transmembrane efflux protein 
SC04475 0.012694 possible cytochrome biogenesis related protein 
SC01489 0.012795 bldD, putative DNA-binding protein 
SC03483 0.012946 .J:>robable integral membrane transport protein 
SC04459 0.013027 possible membrane protein 
SC04492 0.013128 probable octaprenyl carboxylase 
SC06064 0.013138 probable ABC transport permease 
SC01564 0.013538 possible RNA polymerase sigma factor ECF subfamily 
SC06750 0.013593 possible I PP isomerase 
SC02818 0.013831 hypothetical protein 
SC07362 0.014119 oxidoreductase 
SC05254 0.014238 sodN, superoxide dismutase, 
SC04408 0.01435 unknown 
SC05294 0.014517 probable secreted protein 
SC07395 0.014534 possible membrane transport protein 
SC03023 0.01455 sah H, adenosylhomocysteinase 
SC05962 0.014647 probable transcriptional regulator, MerR family 
SC01827 0.014735 possible DNA polymerase Ill 
SC04078 0.014759 phosphoribosyl formylglycinamidine synthase I (EC 6.3.5.3) 
SC07691 0.014862 possible lyase 
SC06840 0.014892 unknown 
SC03911 0.014934 probable replicative DNA helicase 
SC07165 0.015287 probable sugar-binding integral membrane transport protein 
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Table 1-9: Predicted protein products and p-values of down regulated genes inS. 
coelicolor MT1110t).absAJA2 compared to MTlllO wild-type at 21 has identified by 
R 1k P d 1 . ( 100 d 1 d ) ai ro uct ana ys1s top- ownregu ate genes. 
Systematic 
name ｰｾｶ｡ｬｵ･＠ Product 
SC03828 1.44E-06 possible molybdopterin-guanine dinucleotide biosynthesis protein 
SC04032 1.44E-06 probable marR regulatory protein 
SC05408 1.44E-06 hypothetical protein 
SC03434 5.77E-06 .Partial CDS, possible DNA polymerase I 
SC05291 1.15E-05 cvnC5, conserved hypothetical protein 
SC06840 1.73E-05 unknown 
SC00288 1.73E-05 unknown 
SC02241 1.73E-05 probable glutamine synthetase {_EC 6.3.1 .2) 
SC04598 5.77E-05 possible two-component system sensor kinase 
SC06063 9.37E-05 probable ABC transport permease 
SC04015 0.000288 unknown 
SC04011 0.00035 possible integral membrane protein 
SC00075 0.000357 unknown 
SC07691 0.000481 possible lyase 
SC07173 0.000522 possible transcriptional regulator (fragment) 
SC05424 0.000591 ackA, acetate kinase 
SC06225 0.000605 probable secreted protein 
SC04628 0.000679 putative regulator 
SC00653 0.000764 unknown 
SC07450 0.000813 possible secreted Ｍｾｲｯｴ･ｩｮ＠
SC05180 0.000849 peptidase 
SC04620 0.00102 tra81, possible sporulation-related protein 
SC02907 0.001049 possible PTS transmembrane component 
SC00342 0.001133 partial CDS, possible secreted protein 
SC04050 0.001142 _possible acetyltransferase 
SC07586 0.001186 probable oxidoreductase 
SC04031 0.001293 probable integral membrane transport protein 
SC04796 0.00134 possible NLP/P60 family secreted protein 
SC07783 0.001578 pseudogene, transposase remnant 
SC07243 0.00165 possible secreted protein 
SC03005 0.001655 secA, preprotein translocase 
SC07424 0.001816 possible MarR-family transcriptional regulator 
SC00702 0.001908 possible regulator 
SC04047 0.001953 conserved hypothetical protein 
SC04441 0.002087 possible DNA-binding protein 
SC03270 0.002136 unknown 
SC04492 0.00225 probable octaprenyl carboxylase 
SC02502 0.002361 _probable transport protein 
SC02820 0.0024 hypothetical protein 
SC04309 0.002475 unknown 
SC04493 0.002517 _Qrobable asnC-family transcrif:)tional regulator 
SC06437 0.00271 unknown 
SC01591 0.00292 probable 3-hydroxyacyi-CoA dehydrogenase 
SC05222 0.003086 possible lyase 
SC04697 0.003262 possible integral membrane protein 
SC05421 0.003739 possible integral membrane protein 
SC04408 0.003835 unknown 
SC02837 0.003843 possible secreted protein 
SC05869 0.003873 unknown 
SC04597 0.003964 possible two-component system sensor 
SC05189 0.003978 unknown 
SC05441 0.004052 pep2A, hypothetical protein 
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SC03988 0.004114 unknown 
SC04093 0.004255 possible integral membrane protein 
SC00373 0.004282 possible secreted protein 
SC07089 0.004364 probable two-component system sensor kinase 
SC05084 0.004383 actll-3, putative membrane protein 
SC04054 0.00455 possible integral membrane protein 
SC01564 0.004552 possible RNA polymerase sigma factor ECF subfamily 
SC07085 0.004664 doubtful CDS 
SC03199 0.004676 probable transmembrane efflux protein 
SC02875 0.004717 possible MerR-family transcriptional regulator 
SC04392 0.004875 possible esterase 
SC06717 0.004924 probable acyl-[ acyl-carrier protein] desaturase 
SC07639 0.004957 probable marR-family regulatory protein 
SC07435 0.004964 possible transmembrane transport protein 
SC04241 0.005042 possible proteinase precursor 
SC03025 0.005265 manA, mannose-6-phosp_hate isomerase 
SC04206 0.005372 possible AraC-family transcriptional regulator 
SC05307 0.005442 hypothetical protein 
SC04445 0.005806 possible transcriptional regulator 
SC05670 0.005845 probable J:>_olyamine ABC-transporter integral membrane protein 
SC01124 0.005918 possible integral membrane protein 
SC04437 0.006107 sodium-coupled permease 
SC06980 0.006163 probable ABC transport protein 
SC03119 0.006167 possible sensor kinase 
SC02674 0.006747 probable ABC transporter A TP-binding m-ote in 
SC03994 0.006823 unknown, doubtful CDS 
SC02104 0.006913 possible thiamin phosphate pyrophosphorylase 
SC04296 0.0071 groEL2, 60 kD chaperonin 2 
SC06044 0.007227 possible integral membrane protein 
SC02303 0.007456 unknown 
SC07587 0.007586 possible integral membrane protein 
SC02884 0.007808 possible cytochrome P450 
SC06233 0.007909 probable transcriptional regulator 
SC01871 0.008001 probable aldehyde dehydrogenase 
SC04044 0.008165 unknown 
SC05646 0.008227 probable solute binding lipoprotein 
SC02458 0.008422 hypothetical protein 
SC06682 0.008533 unknown 
SC06903 0.00857 unknown 
SC05248 0.008629 hypothetical protein 
SC01140 0.008771 possible integral membrane protein 
SC01654 0.008958 ｾｯｳｳｩ｢ｬ･＠ two-component resQ_onse regulator 
SC04801 0.009285 unknown 
SC06600 0.009833 probable transcriptional regulator 
probable bifunctional protein (ketoreductase/3-oxoacyl-[acyl-
SC04501 0.009898 carrier protein] reductase) 
SC04520 0.009931 hypothetical protein 
SC06857 0.010004 unknown 
SC04134 0.010121 possible lipoprotein 
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Table 1-10: Predicted protein products and p-values of down regulated genes inS. 
coelicolor MT111011absAJA2 compared to MTlllO wild-type at 22 has identified by 
R 1 P d 1 . ( 1 00 d 1 t d ) an{ ro uct ana ys1s top- ownregu a e genes 
Systematic 
name p-value product 
SC05291 0.00014 cvnC5, conserved hypothetical protein 
SC04620 0.000257 traB 1, possible sporulation-related protein 
SC04082 0.000843 possible secreted peptidase 
SC06682 0.000849 unknown 
SC00288 0.000884 unknown 
SC03005 0.001052 secA, preprotein translocase 
SC04474 0.001082 possible integral membrane protein 
SC05408 0.001183 hypothetical protein 
SC04700 0.001289 unknown 
SC04710 0.001294 rpmC, 50S ribosomal protein L29 
SC01124 0.001362 possible integral membrane protein 
SC04445 0.001823 possible transcriptional regulator 
SC06214 0.001841 probable permease 
SC01842 0.001891 unknown 
SC02934 0.00207 possible secreted protein 
SC02820 0.002581 hypothetical protein 
SC02674 0.002692 probable ABC transporter ATP-binding protein 
SC06053 0.002756 putative membrane protein 
SC04425 0.00279 afsR2, regulator of antibiotic production 
SC06063 0.003084 probable ABC transport permease 
SC00241 0.003174 possible transcriptional regulator 
SC05421 0.003293 possible integral membrane Rf"Otein 
SC06225 0.00336 probable secreted protein 
SC02124 0.003644 putative membrane protein 
SC03864 0.003812 probable transcriptional regulator (fragment) 
SC03828 0.003857 molybdopterin-guanine dinucleotide biosynthesis protein 
SC00305 0.003935 hypothetical protein 
SC05212 0.004232 aroA2, 3-phosphoshikimate 1-carboxyvinyltransferase 
SC00075 0.004696 unknown 
SC07631 0.004888 possible secreted protein 
SC02830 0.005182 probable amino acid ABC transporter protein 
SC06240 0.005771 hypothetical protein 
SC05736 0.005852 rpsO, 30S ribosomal protein 815 
SC04395 0.005987 possible hydrolase 
SC01823 0.00644 possible integral membrane protein 
SC03328 0.006447 hypothetical 
SC02907 0.006805 possible PTS transmembrane component 
SC03552 0.006806 putative membrane protein 
SC03471 0.007408 dagA, extracellular agarase precursor 
SC01361 0.007419 conserved hypothetical protein 
SC05975 0.007554 arcA2, arginine deiminase 
SC05034 0.007721 possible integ_ral membrane protein 
SC00272 0.008171 possible binding-protein-dependent transport protein 
SC02241 0.008654 probable glutamine ｳｾｮｴｨ･ｴ｡ｳ･＠ (EC 6.3.1.2) 
SC05842 0.008851 unknown 
SC07604 0.009056 hypothetical protein 
SC00336 0.009078 possible integral membrane protein 
SC03119 0.009321 possible sensor kinase 
SC00491 0.009729 probable ABC-transporter transmembrane protein 
SC06364 0.009905 probable two-component regulator 
SC00454 0.009938 probable binding-protein dependent transport protein 
SC04705 0.009971 rpiB, 50S ribosomal protein L2 
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SC04861 0.010291 unknown 
SC04032 0.010389 probable marR regulatory protein 
SC00708 0.01043 ossible branched-chain amino acid ABC transport protein 
SC01315 0.010441 possible siderophore binding protein 
SC00177 0.010859 possible membrane 
SC06903 0.011067 unknown 
SC06236 0.011107 possible DNA-binding protein 
SC04309 0.011157 unknown 
SC06315 0.011157 putative membrane protein 
SC00373 0.011683 possible secreted protein 
SC05389 0.011823 unknown 
SC07243 0.011836 possible secreted protein 
SC03222 0.012321 possible small secreted protein 
SC06050 0.01292 probable lipoprotein 
SC03605 0.013211 hypothetical protein 
SC03293 0.013318 possible small integral membrane protein 
SC02859 0.013557 unknown 
SC07395 0.013752 . possible membrane transport protein 
SC03308 0.013991 probable DNA-binding protein 
SC04178 0.014248 putative small membrane protein 
SC05670 0.014395 polyamine ABC-transporter integral membrane protein 
SC04490 0.014421 putative decarboxylase 
SC04015 0.014821 unknown 
SC04229 0.014986 sensor kinase 
SC00661 0.015086 possible binding protein dependent transport protein 
SC01862 0.015366 possible integral membrane protein 
SC05509 0.015749 probable oxidoreductase 
SC07002 0.01626 probable amino acid/metabolite permease 
SC05938 0.016314 unknown 
SC03414 0.016424 possible transcriptional regulator 
SC05750 0.016587 ftsK homolog 
SC03023 0.016588 sahH. ｡､･ｮｯｾｹｬｨｯｭｯ｣ｹｳｴ･ｩｮ｡ｳ･＠
SC02420 0.016771 possible ABC-transporter integral membrane protein 
SC07586 0.017266 _2_robable oxidoreductase 
SC01967 0.017436 possible integral membrane protein 
SC04003 0.017838 unknown 
SC07401 0.017978 unknown 
SC04441 0.018021 possible DNA-bindin_g protein 
SC00608 0.018086 possible regulatory protein 
SC00607 0.018216 possible lipoprotein 
SC07292 0.018273 possible threonine dehydratase 
SC04393 0.01843 hypothetical protein 
SC04332 0.019138 possible integral membrane ATPase 
SC04797 0.019204 probable ATP-dependent DNA helicase II 
SC00502 0.019206 possible membrane protein 
SC00701 0.01951 unknown 
SC01986 0.019988 hypothetical protein 
SC04880 0.0203 possible transferase 
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Table 1-11: Predicted protein products and p-values of down regulated genes inS. 
coelicolor MTlll ｏｾ｡｢ｳａｊａＲ＠ cotnpared to MTlll 0 wild-type at 23 has identified by 
Rank Product analysis .(top-100 down regulated genes) 
Systematic 
name p-value product 
SC04700 2.45E-05 unknown 
SC00288 3.60E-05 unknown 
SC00373 5.19E-05 possible secreted protein 
SC07395 0.000249 possible membrane transport protein 
SC00241 0.00028 possible transcriptional regulator 
SC00336 0.000406 possible integral membrane protein 
SC06890 0.000427 possible secreted _Q_rotein 
SC01489 0.000598 bldD, putative DNA-binding protein 
SC04697 0.000811 possible integral membrane protein 
SC01153 0.000826 tesB, acyi-CoA thioesterase II 
SC03005 0.000868 secA, preprotein translocase 
SC06315 0.000905 putative membrane protein 
SC05736 0.00096 rpsO, 30S ribosomal protein S15 
SC00661 0.000995 possible binding protein dependent transport protein 
SC06682 0.001061 unknown 
SC03509 0.001398 unknown 
SC03594 0.001597 dldh, probable D-lactate dehydrogenase 
SC00313 0.001914 probable transmembrane transport protein 
SC06318 0.001926 conserved hypothetical protein 
SC01249 0.002107 unknown 
SC07520 0.002276 probable integral membrane protein 
SC03430 0.002445 rpsN, probable 30S ribosomal protein S14 
SC06290 0.002519 hypothetical protein 
SC01048 0.002557 possible secreted protein 
SC00042 0.002633 unknown 
SC01866 0.003108 probable condensing enzyme 
SC01053 0.003537 unknown 
SC00383 0.003822 unknown 
SC04610 0.003837 possible integral membrane protein 
SC04738 0.003985 coaA, probable pantothenate kinase 
SC01710 0.004056 possible integral membrane transport protein 
SC04229 0.004155 possible sensor kinase 
SC07506 0.004178 possible hydrolase 
SC04307 0.004389 hypothetical protein 
SC00409 0.004402 sapA spore-associated protein precursor 
SC06437 0.00457 unknown 
SC04490 0.004831 putative decarboxylase 
SC00571 0.004975 possible peptidase 
SC07639 0.005239 marR-family regulatory protein 
SC00011 0.005814 unknown 
SC01117 0.005951 possible secreted protein 
SC03641 0.005966 probable two-component system sensor kinase 
SC07336 0.006084 pepA, unknown 
SC05870 0.00616 probable ABC-transporter ATP binding protein 
SC02859 0.006212 unknown 
SC01688 0.006604 putative membrane protein 
SC07604 0.006962 hypothetical protein 
SC07410 0.007264 possible binding-protein dependent transport protein 
SC03992 0.007717 unknown, doubtful CDS 
SC05819 0.007834 whiH, sporulation transcription factor 
SC03246 0.007973 fabH4, probable 3-oxoacyl-[acyl carrier Q_rotein] synthase Ill 
SC07058 0.008178 possible integral membrane protein 
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SC00299 0.008644 possible oxidoreductase 
SC03025 0.008781 manA, mannose-6-phosphate isomerase 
SC04082 0.008856 possible secreted peptidase 
SC00708 0.008938 possible branched-chain amino acid ABC transport protein 
SC04051 0.009111 conserved hypothetical protein 
SC01689 0.009272 possible phosphotransferase 
SC00692 0.009585 possible membrane protein 
SC00950 0.009609 probable transport system permease protein 
SC06946 0.009634 unknown 
SC06660 0.009715 unknown 
SC07801 0.009939 possible membrane protein 
SC07002 0.010128 probable amino acid/metabolite p_ermease 
SC06897 0.010154 unknown 
SC00372 0.01032 possible secreted protein 
SC02874 0.010391 possible oxidoreductase 
SC04874 0.010608 possible integral membrane protein 
SC01105 0.010888 possible secreted protein 
SC04701 0.011165 rpsJ, 30S ribosomal protein S1 0 
SC04664 0.011211 possible membrane protein 
SC06214 0.011251 probable permease 
SC00569 0.011314 possible 50S ribosomal protein L36 (fragment) 
SC00624 0.011332 possible secreted protein 
SC03394 0.011356 hypothetical protein, partial CDS 
SC05869 0.011404 unknown 
SC05674 0.011567 probable integral membrane protein 
SC01110 0.011783 probable secreted lyase 
SC04469 0.011969 heml, glutamate-1-semialdehyde 2,1-aminomutase 
SC05034 0.011995 possible integral membrane protein 
SC06840 0.012283 unknown 
SC00421 0.012411 possible two-component response regulator 
SC03455 0.012432 possible ABC-transporter transport protein 
SC02400 0.012599 putative membrane protein 
SC06314 0.012733 putative regulator 
SC04493 0.013043 probable asnC-family transcriptional regulator 
SC01324 0.013871 possible 3-ketoacyi-CoA thiolase/acetyi-CoA acetyltransferase 
SC05359 0.01403 rpmE3, 50S ribosomal protein L31 
SC07507 0.01405 _12_ossible ､ｩｯｸｾｧ･ｮ｡ｳ･＠
SC06764 0.014556 probable squalene-hopene cyclase 
SC04858 0.014618 dhsC, possible succinate dehy_drogenase membrane subunit 
SC00966 0.014873 probable dehydratase 
SC06264 0.015206 reductase orfX 
SC06750 0.015461 possible IPP 
SC05420 0.015682 che, cholesterol esterase 
SC00608 0.016117 possible regulatory protein 
SC01538 0.01617 probable transport system membrane protein 
SC02198 0.016402 ginA, glutamine synthetase 
SC07408 0.01646 probable solute-binding lipoprotein 
SC05592 0.017027 unknown 
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Table 1-12: Predicted protein products and p-values of down regulated genes inS. 
coelicolor MTlll OllabsAJA2 compared to MTlll 0 wild-type at 24 has identified by 
Rank Product analysis (top-100 down regulated genes) 
Systematic 
name p-value product 
SC04307 0.000114 hypothetical protein 
SC04697 0.000117 possible integral membrane protein 
SC06318 0.000197 conserved hypothetical protein 
SC06315 0.000197 putative membrane protein 
SC00288 0.000264 unknown 
SC01793 0.000352 partial CDS, unknown 
SC06277 0.000448 possible epoxide hydrolase 
SC06063 0.000551 probable ABC transport permease 
SC04229 0.001082 possible sensor kinase 
SC04441 0.001104 possible DNA-binding protein 
SC03978 0.001489 possible oxidoreductase 
SC04842 0.001689 possible oxidoreductase 
SC00966 0.001803 probable dehydratase 
SC00373 0.001936 possible secreted protein 
SC04490 0.002201 putative decarboxylase 
SC01489 0.002502 bldD, putative DNA-binding protein 
SC04198 0.002688 probable DNA-binding protein 
SC04789 0.002903 possible integral membrane protein 
SC02241 0.002963 glutamine synthetase (EC 6.3.1.2) 
SC01710 0.003028 possible integral membrane transport protein 
SC04594 0.003152 probable oxidoreductase 
SC06840 0.003733 unknown 
SC00075 0.004197 unknown 
SC04806 0.004229 possible secreted protein 
SC03246 0.00432 fabH4, probable 3-oxoacyl-[acyl carrier protein] synthase Ill 
SC04491 0.004477 probable octaprenyltransferase 
SC01689 0.004481 possible phosphotransferase 
SC02707 0.0045 possible transferase (membrane-associated) 
SC07403 0.004965 putative membrane protein 
SC03833 0.005094 possible transcriptional regulator 
SC04470 0.005156 probable phosphoglycerate mutase 
SC06890 0.005166 possible secreted protein 
SC01110 0.005248 probable secreted lyase 
SC03828 0.005427 possible molybdopterin-guanine dinucleotide biosynthesis protein 
SC06254 0.005451 possible two-component system response 
SC03005 0.005571 secA, preprotein translocase 
SC01530 0.005862 hypothetical HIT family protein 
probable amino acid ABC transporter protein, integral membrane 
SC02830 0.005889 component 
SC06190 0.006293 possible transferase 
SC01048 0.006428 possible secreted protein 
SC00336 0.006438 possible integral membrane protein 
SC01117 0.006601 possible secreted protein 
SC07036 0.0068 argG, argininosuccinate synthase 
SC06602 0.006809 probable transmembrane sugar transport protein 
SC02464 0.00681 probable ABC transporter 
SC00065 0.00746 possible extracellular binding protein 
SC05670 0.007476 probable polyamine ABC-transporter integral membrane protein 
SC06404 0.007622 unknown 
SC01789 0.00795 hypothetical protein 
SC01681 0.008046 probable gluconate dehydrogenase 
SC05307 0.008082 hypothetical protein 
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SC07208 0.008188 unknown 
SC06264 0.008801 reductase orfX 
SC04880 0.008887 possible transferase 
SC00983 0.009001 aceB2, malate synthase 
SC04553 0.009016 putative membrane protein 
SC01973 0.009065 conserved hypothetical _protein 
SC03686 0.009324 unknown 
SC04360 0.009396 probable ABC transport system integral membrane protein 
SC00266 0.009501 possible transcriptional regulator 
SC02859 0.01049 unknown 
SC04710 0.010626 rpmC, 50S ribosomal protein L29 
SC05380 0.010702 possible membrane protein 
SC00816 0.010894 conserved possible iron-sulfur protein 
SC07587 0.010934 possible integral membrane protein 
SC04372 0.011583 unknown 
SC05646 0.011637 probable solute binding lipoprotein 
SC06240 0.012145 hypothetical protein 
SC03017 0.012329 possible secreted protein 
SC05895 0.012361 redl, possible methyltransferase 
SC02195 0.012437 unknown 
SC01779 0.012527 hypothetical protein 
SC07131 0.012576 possible lipase 
SC01704 0.012737 possible integral membrane conserved hypothetical protein 
SC07089 0.012793 probable two-component system sensor kinase 
SC05248 0.012858 hypothetical protein 
SC05291 0.013011 cvnC5, conserved hypothetical protein 
SC00431 0.014108 possible secreted protein 
SC04622 0.014207 possible integral membrane protein 
SC00624 0.014232 possible secreted protein 
SC04635 0.014249 rpmG3, 50S ribosomal protein L33 
SC05820 0.014385 hrdB, major vegetative sigma factor 
SC03023 0.014609 sahH, adenosylhomocysteinase 
SC04484 0.014625 possible integral membrane protein 
SC02965 0.014694 possible transport protein 
SC04014 0.014805 conserved hypothetical protein 
SC00004 0.014909 unknown 
SC06096 0.01517 probable lipoprotein 
SC01634 0.015493 putative small membrane protein 
SC02617 0.015716 clpX, ATP dependent Clp Protease ATP binding subunit 
SC03509 0.015741 SCE134.10, unknown 
SC07657 0.015958 possible secreted protein 
SC00305 0.015961 hypothetical protein 
SC07193 0.0163 conserved hypothetical protein 
SC06850 0.016532 unknown 
SC04312 0.016734 hypothetical protein 
SC05962 0.017286 probable transcriptional regulator 
SC01022 0.017959 hypothetical protein 
SC01046 0.018041 probable metal transporter ATPase 
SC04069 0.018083 possible integral membrane protein 
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Table 1-13: Predicted protein products and p-values of down regulated genes inS. 
coelicolor ｍｔＱＱＱＰｾ｡｢ｳａｊａＲ＠ cotnpared to MTlllO wild-type at 42 has identified by 
R nk P d 1 . ( 1 00 d 1 d ) a ro uct ana ysts top- own regu ate genes 
Systematic 
name p-value product 
SC03224 0 probable ABC transporter ATP-binding protein 
SC04902 1.44E-06 possible secreted protein 
SC06063 2.74E-05 probable ABC transport permease 
SC03636 3.75E-05 probable cytochrome P-450 h_ydroxylase 
SC02716 4.04E-05 possible secreted protein 
SC01968 4.18E-05 probable secreted hydrolase 
SC06890 7.78E-05 possible secreted protein 
SC00624 7.78E-05 ｊｾｯｳｳｩ｢ｬ･＠ secreted protein 
SC00931 0.000189 possible secreted proline-rich protein 
SC04710 0.000236 rpmC, 50S ribosomal protein L29 
SC04823 0.000255 unknown 
SC00701 0.000373 unknown 
SC04591 0.000597 hypothetical protein 
SC04635 0.000866 rpmG3, 50S ribosomal protein L33 
SC02241 0.000871 probable glutamine synthetase (EC 6.3.1.2) 
SC04433 0.000876 possible integral membrane protein 
SC01689 0.000908 possible phosphotransferase 
SC03509 0.00095 unknown 
SC00280 0.00097 unknown 
SC03023 0.000984 sahH, adenosylhomocysteinase 
SC04442 0.001074 hypothetical protein 
SC01048 0.001244 possible secreted . protein 
SC04622 0.001247 possible integral membrane protein 
SC07658 0.00132 unknown 
SC01357 0.001345 hypothetical protein 
SC04672 0.001476 possible secreted protein 
SC00373 0.001593 possible secreted protein 
SC04054 0.001767 possible integral membrane protein 
SC04705 0.00183 rpiB, 50S ribosomal protein L2 
SC04142 0.001888 pstS, phosphate-binding protein precursor 
SC01489 0.001967 bldD, putative DNA-binding protein 
SC02617 0.001969 clpX, ATP dependent Clp Protease ATP binding subunit 
SC04296 0.0021 groEL2, 60 kD chaperonin 2 
SC05212 0.002221 aroA2, 3-phosphoshikimate 1-carboxyvinyltransferase 
SC01223 0.002411 reeD, ornithine aminotransferase 
SC04229 0.002522 possible sensor kinase 
SC02020 0.002808 unknown 
SC02717 0.002899 _Q_ossible small membrane protein 
SC07699 0.002912 possible nucleotide-binding protein 
SC04491 0.003141 probable octaprenyltransferase 
SC00886 0.003157 possible Lacl-family transcriptional regulator 
SC04664 0.003168 possible membrane protein 
SC00905 0.003223 possible membrane protein 
SC04307 0.003331 hypothetical protein 
SC00344 0.003593 GntR family DNA-binding regulator 
SC04854 0.003801 possible integral membrane protein 
SC07094 0.003869 hmpA2, flavohemoprotein (hemoglobin-like protein) 
SC03022 0.004021 unknown 
SC06586 0.004033 sucD1, probable succinyl-coa synthetase alpha chain 
SC01675 0.004128 possible small membrane protein 
SC03978 0.004568 possible oxidoreductase 
SC00702 0.004601 possible regulator 
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SC00075 0.004614 unknown 
SC07801 0.004719 possible membrane protein 
SC04015 0.004779 unknown 
SC04597 0.004931 possible two-component system sensor kinase 
SC05291 0.005259 cvnCS, conserved hypothetical protein 
SC00142 0.005366 unknown 
SC00033 0.005398 possible secreted neuraminidase (sialidase) 
SC00874 0.006247 possible integral membrane protein 
SC01632 0.006495 hypothetical integral membrane protein 
SC00298 0.006669 probable lysR-family transcriptional regulator 
SC07550 0.006681 possible secreted hydrolase 
SC04676 0.006707 unknown (fragment) 
SC03911 0.00728 dnaB, probable replicative DNA helicase 
SC02705 0.007348 possible membrane protein 
SC00336 0.007519 possible integral membrane protein 
SC04024 0.007544 probable integral membrane efflux protein 
SC04312 0.007589 hypothetical protein 
SC02464 0.007617 probable ABC transporter 
SC07165 0.007617 probable sugar-binding integral membrane transport protein 
SC04300 0.007648 hypothetical protein 
SC00272 0.007989 possible binding-protein-dependent transport protein 
SC04697 0.008099 possible integral membrane protein 
SC01022 0.008255 hypothetical protein 
SC04239 0.008358 possible small membrane protein 
SC04490 0.008376 putative decarboxylase 
SC04714 0.008455 rpiE, 50S ribosomal protein L5 
SC07814 0.008778 possible oxidoreductase 
SC06682 0.009151 unknown 
SC07216 0.00932 possible FecCD-family membrane transport protein 
SC06250 0.009376 probable transport protein 
SC01045 0.009523 possible metal associated protein 
SC02906 0.009716 possible PTS transmembrane component 
SC05176 0.009925 probable reductase 
SC06081 0.00997 probable alpha amylase 
SC00451 0.010036 unknown 
SC00475 0.010062 probable ABC transporter protein 
SC02985 0.010261 possible integral membrane protein 
SC04032 0.010334 probable marR regulatory protein 
SC06530 0.010758 unknown 
SC02519 0.010899 probable membrane protein 
SC05411 0.010925 possible integrase/recombinase 
SC03314 0.010954 possible dehydrogenase 
SC00663 0.011276 possible 2-hydroxyacid-family dehydrogenase 
SC05045 0.011343 conserved hypothetical protein 
SC03450 0.011743 probable RNA polymerase sigma factor (ECF subfamily) 
SC03648 0.011937 probable transmembrane efflux protein 
SC01299 0.011969 probable transcriptional regulatory protein 
SC00131 0.012107 probable secreted protein 
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Table 1-14: Predicted protein products and p-values of down regulated genes inS. 
coelicolor MTlllOL1absAIA2 compared to MTlllOwt at 72 has identified by Rank 
Product analysis (top-1 00 down regulated genes) 
Systematic p-value product 
SC03224 0 probable ABC transporter A TP-binding protein 
SC00999 0 sodF2, superoxide dismutase 
SC00280 0 unknown 
SC06063 1.44E-06 probable ABC transport permease 
SC02562 5.77E-06 !epA, GTP-binding protein 
SC03636 5.77E-06 probable cytochrome P-450 hydroxylase 
SC04622 1.15E-05 possible integral membrane protein 
SC06318 1.30E-05 conserved hyQ_othetical protein 
SC02241 5.19E-05 probable glutamine synthetase (EC 6.3.1.2) 
SC05454 5.48E-05 possible two-component system sensor kinase 
SC05441 7.64E-05 pep2A, hypothetical protein 
SC00075 0.000133 unknown 
SC06389 0.000153 unknown 
SC04433 0.000154 possible integral membrane protein 
SC05180 0.000174 pe_2_tidase 
SC04867 0.000184 possible membrane protein 
SC03229 0.000196 probable 4-hydroxyphenylpyruvic acid dioxygenase 
SC02502 0.000323 probable transport protein 
SC03019 0.000332 possible lipoprotein 
SC00267 0.000349 possible hydrolase 
SC00066 0.000391 possible integral membrane permease 
SC06736 0.000481 possible metallopeptidase 
SC00738 0.00051 possible secreted protein 
SC01485 0.000585 possible integral membrane protein 
SC03262 0.000653 unknown 
SC06050 0.000677 probable lipoprotein 
SC01837 0.000685 unknown 
SC01564 0.000693 possible RNA polymerase sigma factor ECF subfamily 
SC03376 0.000711 possible acetyltransferase 
SC01887 0.000826 possible integral membrane transport protein 
SC00249 0.000842 possible monooxygenase 
SC00853 0.000863 possible membrane protein 
SC03931 0.000882 hypothetical protein 
SC04626 0.000898 unknown 
SC03509 0.000925 unknown 
SC01634 0.001054 putative small membrane protein 
SC03772 0.001196 possible secreted protein 
SC01044 0.001303 possible secreted protein 
SC06870 0.001375 unknown 
SC01813 0.001433 possible gntR-family transcriptional regulator 
SC06362 0.001512 probable two-component sensor 
SC03686 0.001518 unknown 
SC01632 0.00163 hypothetical integral membrane protein 
SC03273 0.001672 unknown 
SC03833 0.001714 possible transcriptional regulator 
SC07265 0.00172 hypothetical protein 
SC00904 0.001832 possible secreted protein 
SC03566 0.001852 possible hydrolase 
SC04441 0.001872 possible DNA-binding protein 
SC00653 0.001923 unknown 
SC03619 0.001963 hypothetical protein 
SC07085 0.001992 doubtful CDS 
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SC01983 0.002015 conserved hypothetical protein 
SC01334 0.002029 unknown 
SC02837 0.002055 _possible secreted protein 
SC06931 0.002161 unknown 
SC00625 0.002224 possible transporter protein 
SC05408 0.002332 hypothetical protein 
SC03585 0.002505 unknown 
SC03729 0.002607 possible regulatory protein 
SC03555 0.002635 possible integral membrane protein 
SC02231 0.002803 malE 
SC03309 0.002986 hypothetical protein 
SC03492 0.003001 unknown 
SC07073 0.003092 hypothetical protein 
SC07496 0.003135 conserved hypothetical integral membrane protein 
SC03018 0.003148 possible regulatory protein 
SC07465 0.003219 cvnC 13, hypothetical protein 
SC03746 0.003242 putative membrane protein 
SC00233 0.003263 possible DNA-binding protein 
SC01827 0.003583 _possible DNA polymerase Ill 
SC07439 0.003707 unknown 
SC06827 0.003711 polyketide synthase 
SC04623 0.003942 unknown 
SC05908 0.004078 unknown 
SC06735 0.004134 unknown 
SC01092 0.004184 conserved hypothetical protein 
SC04141 0.004261 pstC, phosphate ABC transport system permease protein 
SC02711 0.004265 possible glycosyl transferase 
SC03208 0.004356 possible secreted protein 
SC00877 0.004377 possible transcriptional regulatory protein 
SC00028 0.004507 doubtful CDS, function unknown 
SC07140 0.004709 probable DNA-binding protein 
SC05718 0.004736 putative secreted protein 
SC06298 0.004762 conserved hypothetical protein 
SC03278 0.004768 unknown 
SC03777 0.004805 probable peptidase 
SC00631 0.005208 unknown 
SC02588 0.005379 possible integral membrane protein 
SC03711 0.005651 possible small membrane protein 
SC00089 0.005797 probable LysR-family transcriptional regulator 
SC07069 0.005836 possible secreted hydrolase 
SC00313 0.005881 probable transmembrane transport protein 
SC03497 0.005953 probable polyguluronate lyase precursor 
SC04794 0.006087 possible integral membrane protein 
SC03888 0.006091 conserved hypothetical protein 
SC03664 0.006247 possible regulatory protein 
SC03669 0.00629 dnaJ, molecular chaperone 
SC02325 0.006388 possible integral membrane protein 
SC03553 0.006561 putative small membrane protein 
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Appendix II: 
Lists of genes identified by Fold Change analysis 
Table 11-1: Predicted protein products of genes 2 fold up regulated inS. coelicolor 
MTlllOilabsAJA2 compared to MTlllO wild-type at 18 h. Genes shown in bold are 
also identified by Rank Product analysis (top-1 00 up regulated genes) 
Systematic 
name Product 
SC00238 conserved hypothetical protein 
SC00425 hypothetical protein SCF51A.03c 
SC00435 aminotransferase 
SC00545 putative secreted protein 
SC00555 putative membrane-bound oxidoreductase 
SC00641 tellurium resistance protein 
SC00709 putative branched-chain amino acid transport AlP-binding protein. 
SC00742 ABC transporter, putative ABC transporter ATP-binding protein (fragment) 
SC00756 putative ABC transporter 
SC00877 putative transcriptional regulatory protein 
SC00937 hypothetical protein 
SC00964 hypothetical protein SCM 11.19c 
SC01012 putative oxidoreductase 
SC01082 putative electron transfer flavoprotein, beta subunit 
SC01104 putative tetR-family transcriptional regulatory protein 
SC01235 urease beta subunit 
SC01357 hypothetical protein 
putative CDP-diacylglycerol--glycerol-3-phosphate 3-phosphatidyl-
SC01389 transferase 
SC01419 putative phosphodiesterase. 
SC01681 putative gluconate dehydrogenase 
SC01798 putative ABC transporter AlP-binding subunit 
SC02154 putative integral membrane protein 
SC02585 gamma-glutamyl phosphate reductase. 
SC03308 putative DNA-binding protein 
SC03312 conserved hypothetical protein 
SC03475 putative isomerase 
SC03497 putative polyguluronate lyase precursor 
SC03712 putative hydrolase 
SC03716 ｾｵｴ｡ｴｩｶ･＠ cation transport system component 
SC03720 putative small membrane protein 
SC03725 putative conserved membrane protein 
SC04044 hypothetical protein 2SCD60.1 0 
SC04122 putative MarR-family transcriptional regulator 
SC04123 putative two-component system response regulator 
SC04203 hypothetical protein 
SC04271 putative NADP-dependent alcohol dehydrogenase 
SC04308 putative transcriptional regulator 
SC04380 putative acetyl/propionyl CoA carboxylase, beta subunit 
SC04491 putative octaprenyltransferase 
SC04986 putative D-aminoacylase 
SC05148 putative membrane protein 
SC05801 conserved hypothetical protein 
SC05889 hypothetical protein SC3F7.09 
SC06277 putative epoxide hydrolase 
SC06383 putative integral membrane protein 
SC06552 putative long-chain-fatty-acid-CoA ligase 
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SC06556 putative transmembrane protein 
SC06594 putative secreted protein 
SC06601 putative secreted sugar binding protein 
SC06722 putative regulator 
SC06810 conserved hypothetical protein 
SC07019 secreted alpha-amylase. 
SC07410 putative binding-protein dependent transport protein. 
SC07525 putative oxidoreductase 
SC07586 putative oxidoreductase 
SC07742 putative MarR-family transcriptional regulator 
SC07743 hypothetical protein SC8D11.34c 
SC07770 conserved hypothetical protein 
SC07809 putative TetR-family transcriptional regulator 
Table 11-2: Predicted protein products of genes 2-fold up regulated inS. coelicolor 
ｍｔｬｬｬｏｾ｡｢ｳａｊａＲ＠ co1npared to MTlllO wild-type at 21 h. Genes shown in bold are 
also identified by Rank Product analysis (top-1 00 up regulated genes) 
Systematic 
name Product 
SC00030 hypothetical protein SCJ4.11 
SC00233 putative DNA-binding protein 
SC00240 putative oxidoreductase 
SC00249 putative monooxygenase 
SC00479 putative phosphatase SCF76.19c 
SC00555 putative membrane-bound oxidoreductase 
SC00679 hypothetical protein SCF91.39. 
SC00713 lipase (putative secreted protein) 
SC00725 hypothetical protein 3SC5B7 .03 
SC00745 putative tetR-family transcriptional regulator 
SC00846 hypothetical protein SCF43A.36 
SC00852 putative aldolase 
SC00964 hypothetical protein SCM11.19c 
SC00965 conserved hypothetical protein 
SC00999 superoxide dismutase 
SC01012 putative oxidoreductase 
SC01023 putative membrane protein 
SC01049 putative secreted oxidoreductase 
SC01082 putative electron transfer flavoprotein, beta subunit 
SC01094 putative tetR-family regulatory protein 
SC01144 putative ABC transporter ATP-binding protein 
SC01236 urease gamma subunit 
SC01270 putative pyruvate dehydrogenase alpha subunit 
SC01276 RNA ｾｯｬｹｭ･ｲ｡ｳ･＠ ECF sigma factor 
SC01402 putative large secreted protein 
SC01419 putative phosphodiesterase. 
SC01426 hypothetical protein SC6D7.13c. 
SC01431 putative membrane protein. 
SC01499 putative integral membrane protein 
SC01544 hypothetical protein 
SC01681 putative gluconate dehydrogenase 
SC01798 putative ABC transporter ATP-binding subunit 
SC01815 probable 3-oxacyl-(acyl-carrier-protein) reductase 
SC01824 secreted subtilisin-like protease 
SC01836 putative stress-like protein 
SC02029 putative stress-like protein 
SC02877 putative secreted protein 
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SC03614 putative membrane protein. 
SC04163 putative aspartate-semialdehyde dehydrogenase 
SC04166 putative secreted protein 
SC04204 putative integral membrane protein 
SC04232 putative glycosyltransferase 
SC04430 putative transcriptional factor regulator 
SC04507 putative secreted protein 
SC04670 putative serine/threonine protein kinase 
SC04847 putative serine protease precursor 
SC04984 putative 0-alanyi-D-alanine carboxypeptidase 
SC04986 putative aminotransferase 
SC05145 putative D-am inoacylase 
SC05209 conserved hypothetical protein 
SC05216 . putative tetR-fam ily. transcriptional regulator 
SC05240 RNA polymerase sigma factor 
SC05335 hypothetical protein 
SC05355 hypothetical protein SCBAC5H2.04 
SC05374 threonine synthase 
SC05476 oligopeptide transport integral membrane protein 
SC05584 nitrogen regulatory protein P-11 
SC05745 conserved hypothetical protein SC9A 1 0.09 
SC05820 major vegetative sigma factor 
SC05848 tagatose 6-phosphate kinase 
SC05854 thiosulfate sulfurtransferase 
SC05901 putative RNA methyltransferase 
SC05906 probable transcriptional regulator 
SC05933 putative membrane protein 
SC06101 hypothetical protein SCBAC1A6.25c 
SC06187 putative bifunctional synthase/transferase 
SC06230 putative sugar ｴｲ｡ｮｳｾｯｲｴ＠ system permease protein 
SC06251 putative reductase 
SC06282 putative 3-oxoacyl-[acyl-carrier protein] reductase 
SC06315 undefined _product 
SC06324 putative hydrolase 
SC06383 _putative integral membrane protein 
SC06446 hypothetical protein SC985.13 
SC06551 putative oxidoreductase 
SC06594 putative secreted protein 
SC06662 transaldolase 
SC06684 putative ABC transporter 
SC06712 putative copper oxidase 
SC06750 putative IPP isomerase 
SC06783 hypothetical protein 
SC06883 putative membrane protein 
SC06905 hypothetical protein SC1 82.11 
SC06958 putative membrane protein. 
SC06971 _putative methylase 
SC07019 secreted alpha-amylase. 
SC07036 argininosuccinate synthase 
SC07086 putative MerR-family transcriptional regulator 
SC07106 conserved hypothetical protein 
SC07119 putative dehydrogenase 
SC07152 hypothetical protein SC9A4.14 
SC07208 hypothetical protein SC2H12.07c. 
SC07292 putative threonine dehydratase 
SC07307 putative LysR-fam ily transcriptional regulator 
SC07347 hypothetical protein 
SC07446 putative regulator. 
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SC07466 putative ATP/GTP-binding protein 
SC07472 putative phenylacetic acid degradation protein PaaB 
SC07648 putative two-component system response regulator 
SC07650 putative secreted hydrolase 
SC07689 putative ABC transporter ATP-binding protein 
SC07701 putative methyltransferase 
SC07727 putative marR-family regulatory protein 
SC07798 putative transposase 
Table 11-3: Predicted protein products of genes 2 fold up-regulated inS. coelicolor 
MTlll Ob.absAJA2 cotnpared to MTlll 0 wild-type at 22 h. Genes shown in bold are 
also identified by Rank Product analysis (top-1 00 up regulated genes) 
Systematic 
name Product 
scoooos hypothetical protein 
SC00035 hypothetical protein 
SC00210 hypothetical protein 
SC00233 putative DNA-binding protein 
SC00238 conserved hypothetical protein 
SC00446 hypothetical protein SCF51 A.24c 
SC00449 possible secreted solute-binding lipoprotein 
SC00479 putative phosphatase SCF76.19c 
SC00777 conserved hypothetical protein 
SC00830 putative penicillin-binding protein 
SC00850 putative membrane protein. 
SC00854 hypothetical protein SCM2.07. 
SC00920 putative acyltransferase 
SC00939 putative hydrolase 
SC00984 putative 3-hydroxyacyi-CoA dehydrogenase 
SC01012 putative oxidoreductase 
SC01018 putative glutamate racemase 
SC01104 putative tetR-family transcriptional regulatory protein 
SC01111 conserved hypothetical protein 
SC01201 putative reductase 
SC01241 conserved hypothetical protein 
SC01270 putative pyruvate dehydrogenase alpha subunit 
SC01389 putative CD P-d iacylg lycerol--g lycerol-3-phosphate 3-phosphatidyl-transferase 
SC01419 putative phosphodiesterase. 
SC01435 putative integral membrane protein 
SC01465 putative secreted protein 
SC01468 putative serine/threonine protein kinase 
SC01668 hypothetical protein SCI52.1 Oc 
SC01685 putative integral membrane protein 
SC01809 conserved hypothetical protein 
SC01855 putative precorrin-4 C11-methyltransferase 
SC01878 putative secreted protein 
SC01977 putative glutamate synthase small subunit 
SC01982 hypothetical protein 
SC01994 putative integral membrane protein 
SC02027 putative membrane protein 
SC02215 putative two-component system sensor kinase 
SC02274 ABC transport protein, ATP-binding component. 
SC02456 putative integral membrane protein 
SC02818 conserved hypothetical protein 
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SC02822 putative decarboxylase 
SC03231 CDA peptide synthetase II 
SC03238 hypothetical _p_rotein 
SC03614 putative as_}lartate-semialdehyde dehydrogenase 
SC03988 hypothetical protein 
SC04163 putative secreted protein 
SC04166 putative integral membrane protein 
SC04575 NuoN, NADH deh_y_drogenase subunit 
SC04720 50S ribosomal protein L30 
SC04958 cystathionine gamma-synthase 
SC04986 putative D-aminoacylase 
SC05443 putative alpha-amylase 
SC05639 hypothetical protein SC6A9.28 
SC06122 putative membrane protein 
SC06187 putative bifunctional synthase/transferase 
SC06191 hypothetical protein SC2G5.12c 
SC06230 putative sugar transport system permease protein 
SC06314 undefined _product 
SC06324 putative hydrolase 
SC06594 p_utative secreted protein 
SC06798 conserved hypothetical protein SC1A2.07. 
SC07019 secreted alpha-amylase. 
SC07086 putative MerR-family transcriptional regulator 
SC07173 _}lutative transcriptional regulator 
SC07446 p_utative regulator. 
SC07525 putative oxidoreductase 
SC07683 putative non-ribosomal peptide synthase 
SC07743 hypothetical protein SC8D11.34c 
SC07812 putative insertion element transposase. 
Table 11-4: Predicted protein products of genes 2-fold up regulated inS. coelicolor 
MT11106.absAJA2 compared to MTlllO wild-type at 23 h. Genes shown in bold are 
1 . d ffi db R n1 P d t 1 . (t 100 1 t d ) a so 1 en 1 1e y a ( ro uc ana ys1s op- up regu a e genes 
Systematic 
name Product 
SC00698 hypothetical protein SCF42.08c. 
SC00702 putative regulator 
SC00720 putative integral membrane protein. 
SC00854 hypothetical protein SCM2.07. 
SC00877 putative transcriptional regulatory___Q_rotein 
SC00914 putative lipoprotein 
SC01155 conserved h_ypothetical p_rotein 
SC01277 hypothetical ｊｾｲｯｴ･ｩｮ＠ 2SCG18.24 
SC01411 ｾｵｴ｡ｴｩｶ･＠ transmembrane transport protein. 
SC01428 acyi-CoA dehydrogenase 
SC01530 conserved hypothetical protein SCL2.20c 
SC01603 putative transposase 
SC01740 putative membrane protein 
SC01795 conserved hypothetical protein 
SC01812 putative inte_g_ral membrane transporter 
SC01900 putative integ_ral membrane sugar transport protein 
SC01907 conserved hypothetical protein 
SC01911 putative integral membrane protein 
SC01983 conserved hypothetical protein 
SC02151 cytochrome c oxidase subunit Ill 
SC02203 hypothetical protein SC3H12.11 
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SC02286 putative alkaline phosphatase 
SC02347 putative integral membrane protein 
SC02497 conserved hypothetical protein SCC82.03c 
SC02557 conserved hypothetical protein SCC77.24. 
SC02628 putative amino acid permease 
SC02844 hyRothetical protein 
SC02928 putative asnCwfamily transcriptional regulator 
SC03204 hypothetical protein SCE22.21c 
SC03309 hypothetical protein 
SC03602 putative transmembrane transport protein 
SC03809 putative transmembrane transport protein 
SC03893 hypothetical protein 
SC03938 putative thiamin biosynthesis protein ThiC 
SC04043 conserved hypothetical protein 
SC04044 hypothetical protein 2SCD60.1 0 
SC04089 valine dehydrogenase (EC 1.4.1.w) 
SC04152 putative secreted 5'wnucleotidase 
SC04158 putative Lacl-family regulatory protein 
SC04162 putative integral membrane protein 
SC04163 putative secreted protein 
SC04188 putative GntRwfamily transcriptional regulator 
SC04347 hypothetical protein SCD19.02c 
SC04388 putative citrate synthase 
SC04431 putative integral membrane protein 
SC04583 putative polyprenyl diphosphate synthase 
SC04652 50S ribosomal protein L 10 
SC04661 elongation factor G 
SC04689 hypothetical protein SCD31.14 
SC04803 conserved hypothetical protein 
SC04847 putative OwalanylwD-alanine carboxypeptidase 
SC04983 hypothetical protein 2SCK36.06c 
SC04984 putative aminotransferase 
SC04986 putative D-aminoacylase 
SC05018 putative integral membrane protein 
SC05142 putative secreted protein 
SC05560 OwalaninewD-alanine ligase 
SC05965 putative integral membrane protein 
SC05989 putative integral membrane protein 
SC06187 putative bifunctional synthase/transferase 
SC06195 putative acetyl-coenzyme A synthetase 
SC06212 putative permease 
SC06228 hypothetical protein SC2H4.1 0 
SC06251 putative reductase 
SC06324 putative hydrolase 
SC06399 hypothetical protein SC3C8.18c 
SC06509 hydrophobic protein 
SC06572 putative glycosyl hydrolase (putative secreted protein) 
SC06597 putative beta-glucosidase 
SC06608 putative secreted protein 
SC06662 transaldolase 
SC06669 putative transcriptional regulator 
SC06923 hypothetical protein SC1 82.29c 
SC07019 secreted alpha-amylase. 
SC07167 putative secreted sugar-binding protein 
SC07173 putative transcriptional regulator 
SC07190 hypothetical protein 
SC07208 hypothetical protein SC2H12.07c. 
SC07340 hypothetical protein SC4G 1 0.19. 
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SC07404 conserved hypothetical protein SC1 OG8.32c. 
SC07495 pseudogene, hypothetical protein 
SC07577 putative secreted hydrolase 
SC07587 putative integral membrane protein 
SC07620 conserved hypothetical protein 
SC07640 putative lysR-family transcriptional regulator 
SC07683 putative non-ribosomal peptide synthase 
SC07773 conserved hypothetical protein 
SC07799 putative transposase 
Table 11-5: Predicted protein products of genes 2-fold up regulated inS. coelicolor 
ｍｔｉｉｉｏｾ｡｢ｳａｊａＲ＠ con1pared to MTlllO wild-type at 24 h. Genes shown in bold are 
also identified by Rank Product analysis (top-100 up regulated genes) 
Systematic 
name Product 
SC00041 putative integral membrane protein 
SC00143 putative membrane protein 
SC00199 putative alcohol dehydrogenase 
SC00203 putative two-component sensor 
SC00212 hypothetical protein SCJ12.24c 
SC00460 hypothetical protein SCF51A.38 
SC00683 hypothetical protein 
SC00720 putative integral membrane protein. 
SC00777 conserved hypothetical protein 
SC00830 RUtative penicillin-binding protein 
SC00876 hypothetical protein SCM1.09c. 
SC00960 putative hydrolase (putative secreted protein) 
SC01380 putative DNA damage inducible protein 
SC01411 putative transmembrane transport protein. 
SC01426 hypothetical protein SC6D7 .13c. 
SC01475 putative primosomal protein n' 
SC01560 putative phosphatase 
SC01685 putative integral membrane protein 
SC01824 secreted subtilisin-like protease 
SC01834 hypothetical protein SCI8.19c 
SC01907 conserved hypothetical protein 
SC01970 putative dioxygenase 
SC01978 putative AbaA-Iike protein 
SC02071 putative Na+/H+ antiporter 
SC02203 hypothetical protein SC3H12.11 
SC02354 hypothetical protein 
SC02420 putative ａｂｃｾｴｲ｡ｮｳｰｯｲｴ･ｲ＠ integral membrane protein 
SC02441 hypothetical protein SCC24.12 
SC02462 putative sugar kinase (fragment) 
SC02603 putative integrase 
SC02628 putative amino acid permease 
SC02786 beta-N-acetylhexosaminidase 
SC02978 putative secreted protein 
SC03000 putative phosphatase 
SC03068 putative RNA polymerase sigma factor 
SC03170 probable 3-oxoacyl-[acyl carrier protein] reductase 
SC03252 replication initiator protein 
SC03261 putative ATP-binding protein 
SC03361 putative AsnC-family transcriptional regulator 
SC03381 nicotinate-nucleotide pyrophophorylase 
SC03418 putative ABC transporter AlP-binding component 
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SC03419 hypothetical protein 
SC03469 transposase 
SC03535 hypothetical protein 
SC03562 putative integral membrane transport protein 
SC03566 putative hydrolase 
SC03572 putative hydrolase 
SC03746 putative membrane protein 
SC03829 putative dihydrolipoamide acyltransferase component E2 
SC04017 iron dependent repressor 
SC04020 putative two component system response regulator 
SC04082 possible secreted peptidase 
SC04101 putative secreted protein 
SC04105 ｨｹｰｯｴｨ･ｴｩ｣｡ｬ｟ｾｲｯｴ･ｩｮ＠ SCD17.09 
SC04162 putative integral membrane protein 
SC04166 putative integral membrane protein 
SC04388 putative citrate synthase 
SC04395 putative hydrolase 
SC04563 NuoB, NADH dehydrogenase subunit 
SC04598 putative two-component system sensor kinase 
SC04636 hypothetical protein SCD82.07 
SC04652 50S ribosomal protein L 10 
SC04661 elongation factor G 
SC04670 putative serine protease precursor 
SC04756 conserved hypothetical protein 
SC04847 ｾｵｴ｡ｴｩｶ･＠ 0-alanyi-D-alanine carboxypeptidase 
SC04869 methylmalonyl CoA mutase 
SC04992 hypothetical protein 2SCK36.15 
SC05212 3-phosphoshikimate 1-carboxyvinyltransferase 
SC05401 probable integral membrane protein 
SC05666 putative aldehyde dehydro_g_enase 
SC05965 putative integral membrane protein 
SC05989 putative integral membrane protein 
SC06012 putative secreted chitinase (putative secreted protein) 
SC06187 putative bifunctional synthase/transferase 
SC06195 putative acetyl-coenzyme A synthetase 
SC06384 putative integral membrane lysyl-tRNA synthetase 
SC06434 putative oxidoreductase 
SC06447 putative NAD(P)H oxidoreductase 
SC06548 putative secreted cellulase 
SC06594 putative secreted protein 
SC06597 putative beta-glucosidase 
SC06605 undefined _product 
SC06608 putative secreted protein 
SC06662 transaldolase 
SC06883 putative membrane protein 
SC06928 putative 0-methyltransferase. 
SC07013 putative sugar-binding lipoprotein. 
SC07175 putative regulator 
SC07195 hypothetical protein SC8A 11.23c 
SC07199 putative membrane protein. 
SC07257 putative secreted protein 
SC07306 regulatory protein 
SC07404 conserved hypothetical protein SC10G8.32c. 
SC07446 putative regulator. 
SC07586 putative oxidoreductase 
SC07597 conserved hypothetical protein 
SC07604 hypothetical protein 
SC07635 secreted extracellular small neutral protease 
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SC07742 putative MarR-family transcriptional regulator 
SC07781 pseudogene, transposase remnant 
SC07789 hypothetical protein 
SC07800 hypothetical protein 
Table 11-6: Predicted protein products of genes 2-fold up regulated inS. coelicolor 
MTlll ｏｾ｡｢ｳａｊａＲ＠ cmnpared to MTlll 0 wild-type at 42 h. Genes shown in bold are 
1 . d t. fi d b R nk P d t 1 . ( t 1 00 1 t d ) a so 1 en 1 1e y a ro uc ana ys1s op- up regu a e genes 
Systematic 
name Product 
SC00011 hypothetical protein 
SC00029 hypothetical protein 
SC00119 putative small secreted protein 
SC00143 putative membrane protein 
SC00152 putative transmembrane transport protein 
SC00185 putative geranylgeranyl pyrophosphate synthase 
SC00207 conserved hypothetical . protein 
SC00238 conserved hypothetical protein 
SC00370 possible DNA-binding protein (putative secreted protein) 
SC00818 · putative ABC transporter AlP-binding protein 
SC00850 putative membrane protein. 
SC01012 putative oxidoreductase 
SC01065 putative sugar transport sugar binding protein 
SC01150 50S ribosomal protein L31 
SC01155 conserved hypothetical protein 
SC01166 putative integral membrane protein 
SC01312 putative transcriptional regulatory protein 
SC01341 putative lipoprotein 
SC01543 putative membrane protein 
SC01560 putative phosphatase 
SC01616 putative transcriptional regulator 
SC01625 putative ribosomal pseudouridine synthase 
SC01740 putative membrane protein 
SC01800 putative small secreted protein 
SC01830 conserved hypothetical protein SCI8. 15 
SC01855 putative precorrin-4 C11-methyltransferase 
SC01907 conserved hypothetical protein 
SC02006 h_ypothetical protein 
SC02009 putative branched chain amino acid transport permease 
SC02090 cell division protein 
SC02199 putative integral membrane protein 
SC02203 hypothetical protein SC3H12.11 
SC02298 KHG/KDPG aldolase 
SC02316 hypothetical protein 
SC02354 hypothetical protein 
SC02430 putative secreted beta-galactosidase 
SC02441 hypothetical _protein SCC24.12 
SC02472 putative integral membrane protein 
SC02485 conserved hypothetical protein SC7 A8.24c 
SC02571 leucyl-tRNA synthetase. 
SC02818 conserved hypothetical protein 
SC02879 putative membrane protein 
SC02903 putative secreted protein 
SC02928 putative asnC-family transcriptional regulator 
SC02990 conserved hypothetical protein SCE50.18c 
SC02992 putative acetyltransferase 
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SC02996 putative ABC transporter A TP-binding protein 
SC03034 sporulation regulatory protein 
SC03068 putative RNA polymerase sigma factor 
SC03083 putative integral membrane protein 
SC03111 putative ABC transport system ATP-binding protein 
SC03172 putative monooxygenase 
SC03204 hypothetical protein SCE22.21 c 
SC03308 putative DNA-binding protein 
SC03562 putative integral membrane transport protein 
SC03566 putative hydrolase 
SC03604 putative membrane protein 
SC03716 putative cation transport system component 
SC03720 putative small membrane protein 
SC03725 putative conserved membrane protein 
SC03726 hypothetical protein SCH22A.04c 
SC03746 putative membrane protein 
SC03924 putative membrane protein 
SC03925 putative transcriptional regulator 
SC03956 putative ABC transporter ATP-binding protein 
SC03959 possible integral membrane protein 
SC04031 putative integral membrane transport protein 
SC04034 putative RNA polymerase sigma factor 
SC04044 hypothetical protein 2SCD60.1 0 
SC04082 possible secreted ｾ･ｾｴｩ､｡ｳ･＠
SC04089 valine dehydrogenase (EC 1.4.1.-) 
SC04105 hypothetical protein SCD17.09 
SC04123 putative two-component system response regulator 
SC04193 putative ATP/GTP-binding membrane protein 
SC04198 putative DNA-binding protein 
SC04232 putative transcriptional factor regulator 
SC04388 putative citrate synthase 
SC04395 putative hydrolase 
SC04516 hypothetical protein SCD35.23c 
SC04520 conserved hypothetical protein 
SC04534 putative membrane protein 
SC04619 putative integral membrane protein 
SC04649 50S ribosomal protein L 1 
SC04661 elongation factor G 
SC04684 cold shock protein 
SC04689 hypothetical protein SCD31.14 
SC04756 conserved hypothetical protein 
SC04791 putative two-component system sensor kinase 
SC04792 putative two-component system DNA-binding response regulator 
SC04798 putative peptidase 
SC04819 putative secreted protein 
SC04847 putative D-alanyi-D-alanine carboxypeptidase 
SC04881 putative polysaccharide biosynthesis related protein 
SC04934 putative lipoprotein 
SC05145 conserved hypothetical protein 
SC05180 putative J)eptidase 
SC05216 RNA polymerase sigma factor 
SC05240 hypothetical protein 
SC05349 putative integrase 
SC05419 putative thioredoxin 
SC05639 hypothetical protein SC6A9.28 
SC05666 putative aldehyde dehydrogenase 
SC05719 hypothetical protein SC3C3.05c 
SC05750 ftsK homolog 
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SC05782 putative transmembrane transport protein 
SC05786 putative secreted hydrolase 
SC05873 hyQ_othetical protein SC2E9.14 
SC05889 hypothetical protein SC3F7.09 
SC05933 putative membrane protein 
SC05989 putative integral membrane protein 
SC06007 probable transmembrane transport protein 
SC06012 putative secreted chitinase (putative secreted protein) 
SC06018 conserved hypothetical protein SC1 C3.06 
SC06191 hypothetical protein SC2G5.12c 
SC06213 putative hydrolase 
SC06230 putative sugar transport system permease protein 
SC06232 putative beta-mannosidase 
SC06362 putative two-component sensor 
SC06403 hypothetical protein SC3C8.22c 
SC06427 putative integral membrane transport protein 
SC06482 conserved hypothetical protein 
SC06548 putative secreted cellulase 
SC06607 conserved hypothetical protein SC1 F3.04 
SC06608 putative secreted Jlrotein 
SC06662 transaldolase 
SC06783 hypothetical protein 
SC06816 putative ABC transporter binding lipoprotein. 
SC06926 hypothetical protein SC1 82.32. 
SC07027 probable Lacl-family transcriptional regulator 
SC07175 putative regulator 
SC07203 putative integral membrane protein. 
SC07208 hypothetical protein SC2H12.07c. 
SC07306 regulatory protein 
SC07328 putative regulatory protein. 
SC07395 putative membrane transport protein. 
SC07408 probable solute-binding lipoprotein. 
SC07446 putative regulator. 
SC07512 putative AraC-family transcriptional regulator 
SC07586 putative oxidoreductase 
SC07587 putative integral membrane protein 
SC07742 putative MarR-family transcriptional regulator 
SC07759 putative DNA-binding protein 
SC07781 pseudogene, transposase remnant 
Table 11-7: Predicted protein products of genes 2-fold up regulated inS. coelicolor 
MTlll ｏｾ｡｢ｳａｊａＲ＠ cotnpared to MTlll 0 wild-type at 72 h. Genes shown in bold are 
1 'd ffi db R 11 P d t 1 . (t 100 1 t d ) a so 1 en1 te y ai( ro uc ana ysts op- up regu a e genes 
Systematic 
name Product 
SC00009 hypothetical protein 
SC00030 hy_pothetical protein SCJ4.11 
SC00067 putative integral membrane permease 
SC00393 putative transferase 
SC00446 hypothetical protein SCF51A.24c 
SC00461 putative hydrolase 
SC00468 conserved hypothetical protein SCF76.08c 
SC00552 putative response re_gulator 
SC00564 hypothetical protein SCF73.11 c 
SC00568 putative polyprenyl synthetase 
SC00637 conserved hypothetical protein SCF56.21 
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SC00641 tellurium resistance protein 
SC00703 putative regulator 
SC00734 putative transcriptional repressor 
ABC transporter,putative ABC transporter ATP-binding protein 
SC00742 (fragment) 
SC00768 putative lipoprotein 
SC00857 putative TetR-family regulator. 
SC00866 probable ECF-family sigma factor. 
SC00914 putative lipoprotein 
SC00922 putative reductase iron-sulfur protein 
SC00936 putative oligosaccharide deacetylase 
SC01012 putative oxidoreductase 
SC01018 putative glutamate racemase 
SC01020 conserved hypothetical protein 
SC01166 putative integral membrane protein 
SC01171 putative xylose repressor 
SC01174 aldehyde dehydrogenase 
SC01175 hypothetical protein 
SC01191 putative marR-family transcriptional regulator 
SC01206 putative polyketide synthase 
SC01236 urease gamma subunit 
SC01238 putative ATP-dependent Clp ｾｲｯｴ･｡ｳ･＠
SC01249 hypothetical protein 2SCG1.24c 
SC01320 hypothetical protein 
SC01406 hypothetical protein 
SC01427 hypothetical protein SC6D7 .12c 
SC01456 hypothetical protein SCL6.13c 
SC01498 shikimate 5-dehydrogenase 
SC01504 putative regulator 
SC01508 histidyl tRNA synthetase 
SC01514 adenine phosphoribosiltransferase 
SC01530 conserved hypothetical protein SCL2.20c 
SC01543 putative membrane protein 
SC01675 putative small membrane protein 
SC01679 putative gluconokinase 
SC01740 putative membrane protein 
SC01800 putative small secreted protein 
SC01815 probable 3-oxacyl-(acyl-carrier-protein) reductase 
SC01907 conserved hypothetical protein 
SC01971 conserved hypothetical protein 
SC01993 hypothetical protein 
SC02369 putative thiol-specific antioxidant protein 
SC02395 putative integral membrane protein 
SC02402 putative dehydrogenase 
SC02410 putative integral membrane protein 
SC02496 putative secreted protein 
SC02526 putative ace!yltransferase 
SC02575 hypothetical protein sec 123.13c. 
SC02610 rod shape-determining protein 
SC02627 putative sugar-phosphate isomerase 
SC02717 putative small membrane protein 
SC02760 putative membrane protein. 
SC02819 hypothetical protein 
SC02840 putative LysR-family transcriptional regulatory protein. 
SC02903 putative secreted protein 
SC02908 conserved hypothetical protein 
SC02917 conserved hypothetical protein 
SC02932 putative permease membrane component 
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SC02951 putative malate oxidoreductase 
SC02965 putative transport protein 
SC02969 cell division A TP-binding protein 
SC03083 putative integral membrane protein 
SC03094 conserved hypothetical protein 
SC03110 putative ABC transport system integral membrane protein 
SC03116 hypothetical protein SCE41.25c 
SC03121 hypothetical protein SCE41.30 
SC03134 putative two-component system response reQulator 
SC03179 molybdenum cofactor biosynthesis protein (putative secreted protein) 
SC03288 putative integral membrane protein 
SC03327 hypothetical protein 
SC03356 ECF sigma factor 
SC03410 putative membrane protein 
SC03422 hypothetical protein 
SC03426 hypothetical protein 
SC03535 hypothetical protein 
SC03560 putative ATPwbinding protein 
SC03579 putative regulatory protein 
SC03699 putative transcriptional regulator 
SC03758 putative fatty acid desaturase 
SC03762 hypothetical protein SCH63.09c 
SC03800 putative acylwCoA dehydrogenase 
SC03880 putative 50S ribosomal protein L34 
SC03952 hypothetical protein SCD78.19c 
SC03956 putative ABC transporter ATPwbinding protein 
SC03958 ABC transporter ATP-binding protein 
SC03959 possible integral membrane protein 
SC04031 putative integral membrane transport protein 
SC04034 putative RNA polymerase sigma factor 
SC04039 hypothetical protein 2SCD60.05c 
SC04089 valine dehydrogenase (EC 1.4.1,w) 
SC04106 putative bifunctional enzyme deaminase/reductase 
SC04116 putative AfsR-Iike regulatory protein 
SC04153 conserved hypothetical protein SCD84.20c 
SC04173 hypothetical protein SCD66.1 Oc 
SC04174 putative integral membrane protein 
SC04198 putative DNA-binding protein 
SC04199 hypothetical protein 
SC04218 putative small hydrophilic protein 
SC04232 putative transcriptional factor regulator 
SC04240 ABC transporter ATP-binding protein 
SC04295 cold shock protein 
SC04301 putative DNA-binding protein 
SC04344 putative transposase 
SC04345 hypothetical protein SCD12A.28 
SC04398 conserved hypothetical protein 
SC04415 putative integral membrane protein 
SC04418 putative oxidase 
SC04520 conserved hypothetical l!rotein 
SC04524 putative membrane protein 
SC04537 hypothetical protein 2SCD4.08 
SC04559 putative electron transfer oxidoreductase 
SC04599 NADH dehydrogenase subunit NuoA2 
SC04636 hypothetical protein SCD82.07 
SC04648 50S ribosomal protein L 11 
SC04791 putative two-component system sensor kinase 
SC04874 putative integral membrane protein 
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SC04929 putative membrane protein 
SC04961 putative marR-family transcriptional regulator 
SC05124 hypothetical protein 
SC05128 putative membrane protein 
SC05142 putative secreted protein 
SC05234 putative sugar transporter integral membrane protein 
SC05240 hypothetical protein 
SC05256 hypothetical protein 
SC05265 hypothetical protein 
SC05315 polyketide cyclase 
SC05321 polyketide hydroxylase 
SC05423 pyruvate kinase 
SC05487 conserved hypothetical protein SC2A 11.21 c 
SC05507 hypothetical protein 
SC05525 fusion of urease beta and gamma subunits 
SC05626 uridylate kinase 
SC05736 305 ribosomai_Q_rotein S15 
SC05792 putative transmembrane protein 
SC05813 hypothetical protein 
SC05825 putative two-component response regulator 
SC06012 putative secreted chitinase (putative secreted protein) 
SC06153 putative regulatory protein 
SC06385 putative integral membrane protein 
SC06393 putative transposase 
SC06451 putative substrate binding protein 
SC06501 putative gas vesicle synthesis protein 
SC06563 putative integral membrane transporter 
SC06572 putative glycosyl hydrolase (putative secreted protein) 
SC06593 hypotheticai_Q_rotein 
SC06604 putative beta-glucosidase 
SC06624 putative membrane protein 
SC06637 hypothetical protein SC4G2.11 c 
SC06643 hypothetical protein SC4G2.17 
SC06650 hypothetical protein SC4G2.24 
SC06789 putative fatty oxidation protein 
SC06991 hypothetical protein SC8F11.17. 
SC07019 secreted alpha-amylase. 
SC07023 hypothetical protein SC1 H1 0.12. 
SC07196 putative ion transport integral membrane protein 
SC07229 putative membrane protein. 
SC07291 putative serine/threonine protein kinase 
SC07306 regulatory protein 
SC07340 hypothetical protein SC4G1 0.19. 
SC07449 putative membrane protein. 
SC07561 putative esterase 
SC07562 putative transcriptional regulator 
SC07643 hypothetical protein SC1 OF4.16 
SC07743 hypothetical protein SC8D11.34c 
SC07745 undefined product 
SC07759 putative DNA-binding protein 
SC07822 probable prolipoprotein diacylglyceryl transferase. 
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Table 11-8: Predicted protein products of genes 2-fold down regulated inS. coelicolor 
MTl1l0b.absAIA2 cotnpared to MT1110 wild-type at 18 h. Genes shown in bold are 
I . d 'fi db R k P d I . ( 100 d I t d ) a so 1 ent1 te ,, an ro uct ana ysts top- own regu a e genes 
Systematic 
name Product 
SC00041 putative integral membrane protein 
SC00042 hypothetical protein 
SC00241 putative transcriptional regulator 
SC00276 putative oxidoreductase 
SC00288 hypothetical protein SCF85.16 
SC00305 conserved hypothetical protein 
SC00336 putative integ_ral membrane protein 
SC00624 putative secreted protein 
SC00681 putative ferredoxin/ferredoxin-NADP reductase (putative secreted protein) 
SC00702 putative regulator 
SC00820 hypothetical protein SCF43A.1 Oc 
SC01265 putative lipase 
SC01558 putative ABC transporter permease protein 
SC01591 putative 3-hydroxyacyi-CoA dehydrogenase 
SC01600 putative translation initiation factor IF-3 
SC01710 putative integral membrane transport protein 
SC01823 putative integral membrane protein 
SC02134 hypothetical protein 
SC02378 putative merR-family transciptional regulator 
SC02389 acyl carrier protein 
SC02588 putative integral membrane protein. 
SC02818 conserved hypothetical protein 
probable amino acid ABC transporter protein, integral membrane 
SC02830 component. 
SC03005 preprotein translocase 
SC03023 adenosylhomocysteinase 
SC03121 hypothetical protein SCE41.30 
SC03177 putative membrane protein 
SC03270 hypothetical protein 
SC03328 hypothetical protein 
SC03375 putative Lsr2-like protein 
SC03471 extracellular agarase precursor 
SC03617 hypothetical protein 
SC03828 putative molybdopterin-guanine dinucleotide biosynthesis protein 
SC03898 putative membrane protein 
SC03915 putative transmembrane efflux protein 
SC04300 hypothetical protein SCD95A.33c 
SC04304 putative oxidoreductase 
SC04312 conserved hypothetical protein 
SC04445 putative transcriptional regulator 
SC04459 putative membrane protein 
SC04477 putative merR-family transcriptional regulatory protein 
SC04507 putative serine/threonine protein kinase 
SC04516 hypothetical protein SCD35.23c 
SC04620 putative sporulation-related protein 
SC04697 putative integral membrane protein 
SC04812 putative integral membrane protein 
SC04869 methylmalonyl CoA mutase 
SC04874 putative integral membrane protein 
SC05055 putative exoribonuclease 
SC05128 putative membrane protein 
SC05212 3-phosphoshikimate 1-carboxyvinyltransferase 
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SC05364 serine hydroxymethyltransferase 
SC05710 putative large Pro/Aia/Giy-rich protein 
SC05736 305 ribosomal protein 515 
5C06012 putative secreted chitinase (putative secreted protein) 
SC06029 two-component regulator 
SC06064 probable ABC transport permease 
SC06153 putative regulatory protein 
SC06214 putative permease 
5C06225 putative secreted protein 
SC06501 putative gas vesicle synthesis protein 
SC06682 hypothetical protein 5C5A7.32 
SC06903 hypothetical protein SC1 82.09 
SC06956 putative oxidoreductase. 
SC07030 putative binding-protein-dependent transport protein. 
SC07165 putative sugar-binding integral membrane transport protein 
SC07203 putative integral membrane protein. 
5C07208 hypothetical protein 5C2H12.07c. 
SC07303 putative TetR-family regulator. 
SC07307 putative LysR-family transcriptional regulator 
SC07362 oxidoreductase. 
SC07395 putative membrane transport protein. 
SC07455 putative isochorismatase. 
SC07574 putative membrane protein 
SC07798 putative transposase 
Table 11-9: Predicted protein products of genes 2-fold down regulated inS. coelicolor 
MT1110!1absAJA2 co1npared to MTlllO wild-type at 21 h. Genes shown in bold are 
also identified by Rank Product analysis (top-1 00 down regulated genes) 
Systematic 
name Product 
SC00065 putative extracellular binding protein 
SC00075 hypothetical protein 
SC00119 putative small secreted protein 
SC00155 putative transcriptional regulatory protein 
SC00222 putative acetyltransferase 
SC00226 putative membrane protein 
SC00241 putative transcriptional regulator 
SC00255 putative sigma factor 
SC00288 hypothetical protein 5CF85.16 
SC00342 putative secreted protein 
5C00423 putative membrane transport protein 
SC00599 putative regulator of sig8 
SC00623 putative membrane transport protein 
SC00632 putative RNA polymerase sigma factor 
SC00653 conserved hypothetical protein SCF91.13 
SC00702 putative regulator 
SC00732 putative secreted protease 
SC01022 conserved hypothetical protein SCG20A. 02 
SC01046 putative metal transporter ATPase 
SC01124 putative integral membrane protein 
5C01140 putative integral membrane protein 
SC01145 putative marR-family regulator 
SC01363 putative integral membrane protein 
SC01372 putative integral membrane protein 
SC01414 putative ankyrin-like protein. 
SC01546 putative aminotransferase 
SC01564 putative RNA polymerase sigma factor 
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SC01591 putative 3-hydroxyacyi-CoA dehydrogenase 
SC01641 putative transport protein 
SC01654 putative two-component response regulator 
SC01830 conserved hypothetical protein SC 18.15 
SC01871 putative aldehyde dehydrogenase 
SC01892 putative integral membrane efflux protein 
SC01961 dehydroquinate dehydratase 
SC02022 conserved hypothetical protein 
SC02076 putative isoleucyl-tRNA synthetase 
SC02241 probable glutamine synthetase (EC 6.3.1.2) 
SC02264 putative integral membrane protein. 
SC02303 hypothetical protein SCC30.11 
SC02410 putative integral membrane protein 
SC02425 putative secreted protein 
SC02458 conserved hypothetical protein SCC24.29c 
SC02476 putative dehydrogenase/reductase (putative secreted protein) 
SC02502 putative transport protein 
SC02535 conserved hypothetical protein SCC77. 02. 
SC02562 GTP-binding protein. 
SC02635 putative aminopeptidase 
SC02667 hypothetical protein SC6D1 0.10 
SC02682 .Putative membrane protein 
SC02765 hypothetical protein SCC57 A.36. 
SC02806 putative mutase 
SC02820 hypothetical protein 
SC02837 putative secreted protein. 
SC02875 putative MerR-family transcriptional regulator. 
SC02884 putative cytochrome P450. 
SC02946 putative sugar transporter sugar-binding protein 
SC02979 putative integral membrane transport protein 
SC03005 preprotein translocase 
SC03024 putative transport protein 
SC03025 mannose-6-phosphate isomerase 
SC03034 sporulation regulatory protein 
SC03045 putative secreted protein 
SC03072 putative amino acid hydrolase 
SC03129 putative TetR-family transcriptional regulator 
SC03199 putative transmembrane efflux protein 
SC03208 putative secreted protein 
SC03230 CDA peptide synthetase I 
SC03271 putative dehydrogenase 
SC03275 putative merR-family transcriptional regulator 
SC03313 hypothetical protein 
SC03330 putative acetoin utilization protein 
SC03434 putative DNA polymerase I 
SC03488 putative transposase remnant 
SC03527 hypothetical protein 
SC03553 putative small membrane protein 
SC03613 putative RNA polymerase sigma factor 
SC03626 putative RNA polymerase sigma factor 
SC03629 adenylosuccinate synthetase 
SC03730 putative oxidoreductase 
SC03752 putative ABC transporter A TP-binding protein 
SC03774 putative beta-lactamase related protein 
SC03786 putative integral membrane protein 
SC03805 hypothetical protein 
SC03828 putative molybdopterin-guanine dinucleotide biosynthesis protein 
SC03833 putative transcriptional regulator 
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SC03883 putative membrane protein 
SC03957 possible integral membrane protein 
SC03988 ｨｾｰｯｴｨ･ｴｩ｣｡ｬ＠ protein 
SC03994 hypothetical protein 
SC04011 putative integral membrane protein 
SC04014 conserved hypothetical protein 
SC04015 hypothetical protein 2SC10A7.19 
SC04031 putative integral membrane transport protein 
SC04032 putative marR regulatory protein 
SC04039 hypothetical protein 2SCD60.05c 
SC04040 hypothetical protein S2SCD60.06 
SC04044 hypothetical protein 2SCD60.1 0 
SC04047 conserved hypothetical protein 
SC04050 putative acetyltransferase 
SC04054 putative integral membrane protein 
SC04105 hypothetical protein SCD17.09 
SC04134 putative lipoprotein 
SC04193 putative ATP/GTP-binding membrane protein 
SC04202 putative NLP/P60-family secreted protein 
SC04206 putative AraC-family transcriptional regulator 
SC04208 putative integral membrane transport protein 
SC04218 putative small hydrophilic protein 
SC04222 conserved hypothetical protein 
SC04241 putative proteinase 
SC04272 putative mutT-like protein 
SC04296 chaperonin 2 
SC04297 putative oxidoreduxtase 
SC04306 hypothetical p_rotein SCD95A.39c 
SC04309 hypothetical protein SCD95A.42 
SC04392 putative esterase 
SC04403 putative formyltetrahydrofolate deformylase (fragment) 
SC04408 hypothetical protein SC6F11.06c 
SC04419 conserved hypothetical protein 
SC04423 serine/threonine protein kinase (fragment) 
SC04437 putative sodium-coupled permease 
SC04441 putative DNA-binding protein 
SC04447 putative integral membrane protein 
SC04453 hypothetical protein SCD6.31 c 
SC04474 putative integral membrane protein 
SC04493 putative asnC-family transcriptional regulator 
SC04506 conserved hypothetical protein 
SC04516 hypothetical protein SCD35.23c 
SC04520 conserved hypothetical protein 
SC04597 putative two-component system sensor kinase 
SC04598 putative two-component system sensor kinase 
SC04609 putative peptidase 
SC04619 putative integral membrane protein 
SC04625 conserved hypothetical protein 
SC04627 hypothetical protein SCD39.27c 
SC04628 putative regulator 
SC04643 UDP-N-acetylenoylpyruvoylglucosamine reductase 
SC04644 adenosine deaminase 
SC04647 transcription antitermination protein 
SC04697 putative integral membrane Q_rotein 
SC04707 508 ribosomal protein L22 
SC04746 putative lipase 
SC04796 putative NLP/P60 family secreted protein 
SC04801 hypothetical protein SCD63A.12c 
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SC04806 putative secreted protein 
SC04817 putative serine/threonine protein kinase 
SC04844 putative integral membrane protein 
SC04874 putative integral membrane protein 
SC04893 putative transport integral membrane protein 
SC05050 putative nucleotide-sugar dehydrogenase 
SC05051 putative g lycosyltransferase 
SC05084 RUtative membrane protein 
SC05096 LysR-family transcriptional regulatory protein 
SC05104 conserved hypothetical protein 
SC05180 putative peptidase 
SC05189 hypothetical protein 2SC386.13 
SC05201 moaE-Iike protein 
SC05219 putative lipoprotein 
SC05222 putative lyase 
SC05238 putative TetR-family protein 
SC05248 hypothetical protein 
SC05269 hypothetical protein 2SC7G11.31 
SC05291 hypothetical protein 
SC05307 hypothetical protein 
SC05408 conserved hypothetical protein 
SC05419 putative thioredoxin 
SC05421 putative integral membrane protein 
SC05424 acetate kinase 
SC05441 hypothetical protein 
SC05442 putative trehalose synthase 
SC05527 conserved hypothetical protein SC1 C2.08 
SC05595 50S ribosomal protein L 19 
SC05600 conserved hypothetical protein SC2E1.17 
SC05632 hypothetical protein SC6A9.35 
SC05646 putative solute binding lipoprotein 
SC05670 putative polyamine ABC-transporter integral memb rane protein 
SC05696 hypothetical protein 
SC05865 hypothetical protein SC2E9.06 
SC05869 hypothetical protein SC2E9.1 0 
SC06032 putative hydrolase 
SC06039 putative flavoprotein oxidoreductase 
SC06044 putative integral membrane protein 
SC06050 putative lipoprotein 
SC06062 putative ABC transporter ATP-binding subunit 
SC06063 probable ABC transport permease 
SC06135 putative membrane protein 
SC06213 putative hydrolase 
SC06225 putative secreted protein 
SC06233 putative transcriptional regulator 
SC06236 putative DNA-binding protein 
SC06259 probable ABC sugar transport ATP binding protein 
SC06378 putative membrane protein 
SC06432 putative peptide synthase 
SC06437 hypothetical protein SC9B5.04 
SC06465 hypothetical protein 
SC06490 putative acetyltransferase 
SC06600 putative transcriptional regulator 
SC06613 conserved hypothetical protein SC1 F2.1 0 
SC06657 putative membrane protein 
SC06664 putative transcriptional regulator 
SC06682 hypothetical protein SC5A7.32 
SC06714 putative hydroxylase 
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SC06717 putative acyl-[acyl-carrier protein] desaturase 
SC06840 hypothetical protein SC3D9.08c 
SC06857 hypothetical protein SC7F9.09c 
SC06861 protein kinase-like protein. 
SC06940 putative ATP/GTP binding protein. 
SC06980 probable ABC transport protein, membrane component. 
SC07030 putative binding-protein-dependent transport protein. 
SC07071 conserved hypothetical protein 
SC07085 hypothetical protein SC3A4.11. 
SC07089 probable two-component system sensor kinase 
SC07173 putative transcriptional regulator 
SC07226 putative integral membrane protein. 
SC07233 putative secreted protein. 
SC07243 putative secreted protein 
SC07244 probable long-chain-fatty-acid-GoA ligase. 
SC07275 hypothetical protein 
SC07424 putative MarR-family transcriptional regulator 
SC07432 secreted extracellular small neutral protease. 
SC07435 putative transmembrane transport Jlrotein. 
SC07450 putative secreted protein 
SC07454 putative membrane protein 
SC07486 putative ROK-family transcriptional regulator 
SC07586 putative oxidoreductase 
SC07587 putative integral membrane protein 
SC07604 hypothetical protein 
SC07639 putative marR-family regulatory protein 
SC07641 putative dehydrogenase 
SC07677 putative secreted solute-binding protein 
SC07691 putative lyase 
SC07770 conserved hypothetical protein 
SC07771 pseudogene, conserved hypothetical protein 
SC07775 putative secreted. protein 
SC07781 pseudogene, transposase remnant 
SC07783 pseudogene, transposase remnant 
SC07820 hypothetical protein SC8E7 .17. 
Table 11-10: Predicted protein products of genes 2-fold down regulated inS. coelicolor 
MTlll 0L}..absAJA2 con1pared to MTlll 0 wild-type at 22 h. Genes shown in bold are 
also identified by Rank Product analysis (top-1 00 down regulated genes) 
Systematic 
name Product 
SC00037 putative sigma factor 
SC00241 putative transcriptional regulator 
SC00272 putative binding-protein-dependent transport protein 
SC00288 hypothetical protein SCF85.16 
SC00305 conserved hypothetical protein 
SC00372 putative secreted protein 
SC00373 putative secreted protein 
SC00454 binding-protein dependent transport protein 
SC00553 hypothetical protein SCF11.33c 
SC00607 hypothetical lipoportein SCF55.31 
SC01065 putative sugar transport sugar binding protein 
SC01124 putative integral membrane protein 
SC01187 putative secreted cellulase 8 precursor 
SC01361 conserved hypothetical protein 
SC01823 putative integral membrane protein 
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SC01842 conserved hypothetical protein SCI8.27c 
SC01898 putative substrate binding protein 
SC01967 putative integral membrane protein 
SC01986 hypothetical protein 
SC02154 putative integral membrane protein 
SC02420 putative ABC-transporter integral membrane protein 
SC02859 conserved hypothetical protein SCE20.33c. 
SC02863 putative helicase 
SC02875 putative MerR-family transcriptional regulator. 
SC02934 putative secreted protein 
SC03005 preprotein translocase 
SC03215 hypothetical protein 
SC03222 putative secreted protein 
SC03328 hypothetical protein 
SC03414 putative transcriptional regulator 
SC03471 extracellular agarase precursor 
SC03527 hypothetical protein 
SC03605 hypothetical protein 
SC03864 putative transcriptional regulator 
SC04035 RNA polymerase sigma factor 
SC04082 possible secreted peptidase 
SC04178 putative small membrane protein 
SC04332 putative integral membrane ATPase 
SC04393 conserved hypothetical protein 
SC04425 sigma-like protein 
SC04474 putative integral membrane protein 
SC04534 putative membrane protein 
SC04588 hypothetical protein SCD20.06 
SC04620 putative sporulation-related protein 
SC04700 hypothetical protein SCD31.25 
SC04710 50S ribosomal protein L29 
SC04738 putative pantothenate kinase 
SC04797 putative AlP-dependent DNA helicase II 
SC04861 hypothetical protein SCK20.02 
SC04874 putative integral membrane protein 
SC05034 putative integral membrane protein 
SC05212 3-phosphosh ikim ate 1-carboxyvinyltransferase 
SC05355 threonine synthase 
SC05408 conserved hypothetical protein 
SC05421 putative integral membrane protein 
SC05736 308 ribosomal protein 815 
SC05750 ftsK homolog 
SC05975 arginine deiminase 
SC06021 conserved hypothetical protein SC1 C3.09 
SC06053 putative membrane protein 
SC06163 putative sensor kinase 
SC06214 putative permease 
SC06236 putative DNA-binding protein 
SC06240 conserved hypothetical protein 
SC06315 undefined product 
SC06364 putative two-component regulator 
SC06682 hypothetical protein SC5A7 .32 
SC06903 hypothetical protein SC1 82.09 
SC07243 putative secreted protein 
SC07292 putative threonine dehydratase 
SC07337 hypothetical protein 
SC07401 hypothetical protein 
SC07586 probable oxidoreductase 
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SC07604 
SC07631 possible secreted rotein 
Table 11-11: Predicted protein products of genes 2-fold down regulated inS. coelicolor 
ｍｔｉｉｉｏｾ｡｢ｳａｉａＲ＠ co1npared to MTlllO wild-type at 23 h. Genes shown in bold are 
also identified by Rank Product analysis (top-100 down regulated genes) 
Systematic 
name Product 
SC00042 hypothetical protein 
SC00236 putative DNA-binding protein 
SC00241 putative transcriptional regulator 
SC00288 hypothetical protein SCF85.16 
SC00299 putative oxidoreductase 
SC00313 putative transmembrane transport protein 
5C00336 putative integral membrane protein 
SC00373 putative secreted protein 
SC00383 hypothetical protein 5CF62.09 
SC00409 spore-associated protein precursor 
5C00421 putative two-component response regulator 
SC00569 putative 50S ribosomal protein L36 
5C00571 putative peptidase 
SC00624 putative secreted protein 
SC00661 putative binding protein dependent transport protein. 
5C00692 putative membrane protein. 
SC00708 putative branched-chain amino acid ABC transport protein. 
SC00874 putative integral membrane protein. 
SC01003 putative tetR-family transcriptional regulator 
5C01048 putative secreted protein 
SC01105 putative secreted protein 
SC01110 putative secreted lyase 
5C01117 putative secreted protein 
SC01153 acyi-CoA thioesterase II 
SC01249 hypothetical protein 25CG1.24c 
5C01489 putative DNA-binding protein 
5C01538 putative transport system membrane protein 
SC01688 putative membrane protein 
5C01689 putative phosphotransferase 
SC01710 putative integral membrane transport protein 
SC01866 putative condensing enzyme 
SC02348 putative secreted protein 
SC02620 putative cell division trigger factor 
SC02881 conserved hypothetical protein SCE6.18 
SC03025 mannose-6-phosphate isomerase 
SC03087 undefined _product 
SC03430 putative 305 ribosomal protein 514 
SC03455 putative ABC-transporter transport protein 
5C03594 putative D-lactate dehydrogenase 
SC03603 putative Na(+)/H(+) antiporter 
5C03641 putative two-component system sensor kinase 
5C03992 hypothetical protein 
SC04159 transcriptional regulatory _protein 
SC04229 putative sensor kinase 
5C04610 putative integral membrane protein 
5C04697 putative integral membrane protein 
SC04700 hypothetical protein 5CD31.25 
5C04738 putative pantothenate kinase 
5C04874 putative integral membrane protein 
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SC05361 putative methylase 
SC05420 cholesterol esterase 
SC05736 308 ribosomal protein 815 
SC06092 conserved hypothetical protein 
8C06214 putative permease 
SC06240 conserved hypothetical protein 
8C06315 undefined product 
SC06318 conserved hypothetical protein 
SC06682 hypothetical protein SC5A7.32 
8C06764 putative ｳｱｵ｡ｬ･ｮ･ｾｨｯｰ･ｮ･＠ cyclase 
SC06890 putative secreted protein 
8C06897 hypothetical p_rotein 8C1 82.03 
8C07002 probable amino acid/metabolite permease. 
8C07058 putative integral membrane protein 
SC07216 ｾｵｴ｡ｴｩｶ･＠ FecCD-family membrane transport protein. 
SC07336 hypothetical protein. 
8C07395 putative membrane transport protein. 
8C07506 putative hydrolase 
8C07507 putative dioxygenase 
8C07520 putative integral membrane protein 
SC07604 hypothetical protein 
8C07639 putative ｭ｡ｲｒｾｦ｡ｭｩｬｹ＠ regulatory protein 
8C07801 putative membrane protein 
Table 11-12: Predicted protein products of genes 2-fold down regulated inS. coelicolor 
MT11108absAJA2 cotnpared to MTlllO wild-type at 24 h. Genes shown in bold are 
also identified by Rank Product analysis (top-1 00 down regulated genes) 
Systematic 
name Product 
SC00288 hypothetical protein SCF85.16 
SC00336 putative integral membrane protein 
8C00373 putative secreted protein 
8C00431 putative secreted protein 
SC00624 putative secreted protein 
SC00692 putative membrane protein. 
8C00816 putative ｩｲｯｮｾｳｵｬｦｵｲ＠ protein 
SC00905 putative membrane protein. 
SC00914 putative lipoprotein 
8C00966 putative dehydratase 
SC01039 putative ROK family regulatory protein 
8C01048 putative secreted protein 
8C01110 putative secreted lyase 
8C01117 putative secreted protein 
SC01302 conserved hypothetical protein 
SC01489 putative DNA-binding protein 
SC01530 conserved hypothetical protein SCL2.20c 
SC01681 putative gluconate dehydrogenase 
SC01689 putative phosphotransferase 
8C01710 putative integral membrane transport protein 
8C01779 hypothetical protein 
SC01789 hypothetical protein 
SC01793 putative secreted protein 
SC01862 putative integral membrane protein 
SC01973 conserved hypothetical protein 
SC02195 hypothetical protein 
SC02464 putative ABC transporter 
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probable amino acid ABC transporter protein, integral membrane 
SC02830 component. 
SC02965 putative transport protein 
SC03017 putative secreted protein 
SC03018 putative regulatory protein 
SC03023 adenosylhomocysteinase 
SC03230 CDA peptide synthetase I 
SC03631 hypothetical protein 
SC03686 hypothetical protein 
SC03828 putative molybdopterin·guanine dinucleotide biosynthesis protein 
SC04014 conserved hypothetical protein 
SC04198 putative DNA·binding protein 
SC04229 putative sensor kinase 
SC04312 conserved hypothetical protein 
SC04372 hypothetical protein SCD1 0.04c 
SC04441 putative DNA·binding protein 
SC04553 putative membrane protein 
SC04594 putative oxidoreductase 
SC04612 putative amino acid transporter 
SC04697 putative integral membrane protein 
SC04710 50S ribosomal protein L29 
SC04738 putative pantothenate kinase 
SC04806 putative secreted protein 
SC04842 putative oxidoreductase 
SC04880 putative transferase 
SC05026 conserved hypothetical protein SCK15.28 
SC05221 putative polypeptide deformylase 
SC05653 putative integral membrane protein 
SC05820 major vegetative sigma factor 
SC05895 putative methyltransferase 
SC06092 conserved hypothetical protein 
SC06240 conserved hypothetical protein 
SC06254 putative two-component system response regulator 
SC06264 reductase 
SC06277 putative epoxide hydrolase 
SC06315 undefined product 
SC06318 conserved hypothetical protein 
SC06703 putative 3-oxoadipate GoA-transferase subunit A 
SC06825 putative integral membrane protein. 
SC06850 conserved hypothetical protein 
SC06890 putative secreted protein 
SC07034 putative aminotransferase (fragment) 
SC07036 argininosuccinate synthase 
SC07208 hypothetical protein SC2H12.07c. 
SC07370 NAD-dependent dehydratase. 
SC07403 putative membrane protein 
SC07496 putative integral membrane protein 
SC07520 putative integral membrane protein 
SC07551 putative secreted protein 
SC07574 putative membrane protein 
SC07587 putative integral membrane protein 
SC07657 putative secreted protein 
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Table 11-13: Predicted protein products of genes 2-fold down regulated inS. coelicolor 
MTIII OflabsAJA2 con1pared to MTlll 0 wild-type at 42 h. Genes shown in bold are 
also identified by Rank Product analysis (top- I 00 down regulated genes) 
Systematic 
name Product 
SC00033 putative secreted neuraminidase 
SC00131 putative secreted protein 
SC00249 putative monooxygenase 
SC00272 putative binding-protein-dependent transport protein 
SC00288 hypothetical protein SCF85.16 
SC00344 putative GntR family DNA-binding regulator 
SC00373 putative secreted protein 
SC00451 conserved hypothetical protein SCF51A.29c 
SC00624 putative secreted protein 
SC00701 hypothetical protein SCF42.11 c. 
SC00905 putative membrane protein. 
SC00931 putative secreted proline-rich protein 
SC01048 putative secreted protein 
SC01113 conserved hypothetical protein 
SC01223 ornithine aminotransferase 
SC01299 putative transcriptional regulatory protein 
SC01357 hypothetical protein 
SC01489 putative DNA-binding protein 
SC01689 putative phosphotransferase 
SC01841 conserved hypothetical protein SCI8.26 
SC01968 putative secreted hydrolase 
SC02705 putative membrane protein 
SC02716 putative secreted protein 
SC02888 conserved hypothetical protein SCE6.25c. 
SC03022 hypothetical protein SCE34.03c 
SC03224 putative ABC transporter ATP-binding protein 
SC03314 putative dehydrogenase 
SC03520 hypothetical protein 
SC03636 putative cytochrome P-450 hydroxylase 
SC03648 putative transmembrane efflux protein 
SC04024 putative integral membrane efflux protein 
SC04142 phosphate-binding protein precursor 
SC04163 putative secreted protein 
SC04296 chaperonin 2 
SC04300 hypothetical protein SCD95A.33c 
SC04312 conserved hypothetical protein 
SC04442 hypothetical protein SCD6.20 
SC04591 hypothetical protein 
SC04635 50S ribosomal protein L33 
SC04664 putative integral membrane protein 
SC04672 putative secreted protein 
SC04697 putative integral membrane protein 
SC04738 putative pantothenate kinase 
SC04902 putative secreted protein 
SC04983 hypothetical protein 2SCK36.06c 
SC05070 hydroxylacyi-CoA dehydrogenase 
SC05212 3-phosphoshikimate 1-carboxyvinyltransferase 
SC05411 putative integrase/recombinase 
SC06081 putative alpha amylase 
SC06092 conserved hypothetical protein 
SC06186 putative phosphoheptose isomerase 
SC06240 conserved hypothetical protein 
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SC06318 conserved hypothetical protein 
SC06530 hypothetical protein SC5C7 .15 
SC06586 succinyl-coa synthetase alpha chain 
SC06890 putative secreted protein 
SC07094 flavohemoprotein 
SC07165 putative sugar-binding integral membrane transport protein 
SC07198 putative regulatory protein 
SC07216 putative FecCD-family membrane transport protein. 
SC07444 putative cytochrome P450 (fragment). 
SC07550 putative secreted hydrolase 
Table 11-14: Predicted protein products of genes 2-fold down regulated inS. coelicolor 
MT1110!\absAJA2 co1npared to MTlllO wild-type at 72 h. Genes shown in bold are 
also identified by Rank Product analysis (top-1 00 down regulated genes) 
Systematic 
name Product 
SC00008 hypothetical protein 
SC00028 hypothetical protein 
SC00066 putative integral membrane permease 
SC00075 hypothetical p_rotein 
SC00089 putative transcriptional regulator 
SC00102 hypothetical protein 
SC00163 conserved hypothetical protein SCJ 1.12 
SC00170 conserved hypothetical protein SCJ 1. 19c 
SC00177 putative membrane protein SCJ 1.26 
SC00233 putative DNA-binding protein 
SC00249 putative monooxygenase 
SC00267 putative hydrolase 
SC00280 conserved hypothetical protein SCF85.08c 
SC00313 putative transmembrane transport protein 
SC00620 conserved hypothetical protein SCF56.04c 
SC00625 putative transporter protein 
SC00631 hypothetical protein SCF65.15c 
SC00653 conserved hypothetical protein SCF91.13 
SC00715 hypothetical protein SCF42.25c. 
SC00738 putative secreted protein 
SC00777 conserved hypothetical protein 
SC00853 putative membrane protein. 
SC00877 putative transcriptional regulatory protein 
SC00901 hypothetical protein SCM1.34c. 
SC00904 putative secreted protein. 
SC00937 hypothetical protein 
SC00962 putative glycosyl transferase 
SC00999 superoxide dismutase 
SC01010 putative integral membrane transport protein 
SC01022 conserved hypothetical protein SCG20A.02 
SC01031 putative ABC transport system integral membrane protein 
SC01044 putative secreted protein 
SC01092 conserved hypothetical protein 
SC01184 conserved hypothetical protein SCG11A.15 
SC01186 putative lacl-family transcriptional regulator 
SC01189 hypothetical protein SCG11A.20 
SC01289 putative gntR-family regulatory protein 
SC01295 putative AsnC-family transcriptional regulatory protein 
SC01334 hypothetical protein 
SC01434 putative CbxX/CfqX family protein 
SC01485 putative integral membrane protein 
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SC01564 putative RNA polymerase sigma factor 
SC01632 putative integral membrane protein SCI41.15c 
SC01634 putative small membrane protein 
SC01649 putative ferredoxin 
SC01789 hypothetical protein 
SC01813 putative gntR-family transcriptional regulator 
SC01826 putative membrane protein. 
SC01827 putative DNA polymerase Ill, epsilon chain (EC 2.7.7.7). 
SC01837 hypothetical protein SCI8.22 
SC01887 putative integral membrane transport protein 
SC01891 hypothetical protein 
SC01942 glucose-6-phosphate isomerase 
SC01983 conserved hypothetical protein 
SC02024 putative chitosanase (putative secreted protein) 
SC02034 putative prolipoprotein diacyleglyceryl transferase 
SC02231 putative maltose-binding protein 
SC02241 probable glutamine synthetase (EC 6.3.1.2) 
SC02290 hypothetical protein SCC75A.36. 
SC02325 putative integral membrane protein 
SC02502 putative transport protein 
SC02562 GTP-binding protein. 
SC02711 putative glycosyl transferase 
SC02747 bifunctional carbohydrate binding and transport protein. 
SC02784 putative acey_tltranferase 
SC02833 secreted chitin binding_Q_rotein. 
SC02837 putative secreted protein. 
SC03018 putative regulatory protein 
SC03019 putative lipoprotein 
SC03072 putative amino acid hydrolase 
SC03097 putative secreted protein 
SC03208 putative secreted protein 
SC03212 probable anthranilate phosphoribotransferase 
SC03217 putative transcriptional regulator 
SC03222 putative secreted protein 
SC03224 putative ABC transporter ATP-binding protein 
SC03229 putative 4-hydroxyphenylpyruvic acid dioxygenase 
SC03262 hypothetical protein 
SC03273 hypothetical protein 
SC03274 hypothetical protein 
SC03278 hypothetical protein 
SC03309 hypothetical protein 
SC03364 hypothetical protein 
SC03368 putative peptidase (putative secreted protein) 
SC03376 putative acetyltransferase 
SC03429 putative 50S ribosomal protein L28 
SC03492 hypothetical protein SCE65.28c 
SC03497 putative polyguluronate lyase precursor 
SC03509 conserved hypothetical protein 
SC03553 putative small membrane protein 
SC03555 putative integral membrane protein 
SC03566 putative hydrolase 
SC03585 hypothetical protein 
SC03619 conserved hypothetical protein 
SC03636 putative cytochrome P-450 hydroxylase 
SC03664 putative regulatory protein 
SC03669 molecular chaperone 
SC03686 hypothetical protein 
SC03694 putative transcriptional regulator 
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SC03711 putative small membrane protein 
SC03729 putative regulatory protein 
SC03746 putative membrane protein 
SC03772 putative secreted protein 
SC03777 putative peptidase 
SC03818 putative two-component system resR_onse transcriptional re_gulator 
SC03833 putative transcriptional regulator 
SC03888 conserved hypothetical protein 
SC03898 putative membrane protein 
SC03928 putative thiamine biosynthesis protein 
SC03931 hypothetical protein 
SC04168 putative oxidoreductase 
SC04193 putative ATP/GTP-binding membrane protein 
SC04290 putative possible trehalose-phosphate synthase 
SC04299 putative integral membrane protein 
SC04433 putative integral membrane protein 
SC04441 putative DNA-binding protein 
SC04491 putative octaprenyltransferase 
SC04622 putative integral membrane protein 
SC04626 hypothetical protein SCD39.26c 
SC04794 putative integral membrane protein 
SC04867 putative membrane protein 
SC05016 putative integral membrane protein 
SC05026 conserved hypothetical protein SCK15.28 
SC05180 putative peptidase 
SC05291 hypothetical protein 
SC05408 conserved hypothetical protein 
SC05441 hypothetical protein 
SC05454 putative two-component system sensor kinase 
SC05715 putative peptide transport system permease 
SC05908 hypothetical protein 
SC05982 putative regulator 
SC06050 putative lipoprotein 
SC06063 probable ABC transport permease 
SC06092 conserved hypothetical protein 
SC06274 putative type I polyketide synthase 
SC06318 conserved hypothetical protein 
SC06362 putative two-component sensor 
SC06389 hypothetical protein SC3C8.08c 
SC06530 hypothetical protein SC5C7.15 
SC06600 putative transcriptional regulator 
SC06603 putative transmembrane sugar transport protein 
SC06699 protocatechuate ＳＬＴＭ､ｩｯｾｾｧ･ｮ｡ｳ･＠ alpha subunit 
SC06703 putative 3-oxoadipate GoA-transferase subunit A 
SC06732 putative fatty acid oxidative multifunctional enzyme 
SC06735 hypothetical protein 
SC06736 putative metallopeptidase 
SC06740 putative D-amino acid oxidase 
SC06827 polyketide synthase. 
SC06870 hypothetical protein SC7F9.22c 
SC06874 hypothetical protein SC7F9.26c 
SC06922 hypothetical protein SC 182.28c 
SC06931 hypothetical protein SC1 G8.03c 
SC07005 putative oxidoreductase. 
SC07069 putative secreted hydrolase 
SC07071 conserved hypothetical protein 
SC07073 conserved hypothetical protein 
SC07085 hypothetical protein SC3A4.11. 
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SC07134 putative transcriptional regulatory protein 
SC07140 putative DNA-binding protein 
SC07195 hypothetical protein SC8A 11.23c 
SC07206 putative membrane protein. 
SC07214 possible integral membrane protein 
SC07265 hypothetical protein 
SC07372 hypothetical protein SC9H 11.26c. 
SC07416 hypothetical protein SC6D 11.12c. 
SC07439 conserved hypothetical protein 
SC07452 putative 0-methyltransferase. 
SC07465 hypothetical protein 
SC07496 putative integral membrane protein 
SC07511 glyceraldehyde 3-phosphate dehydrogenase 
SC07520 putative integral membrane protein 
SC07524 conserved hypothetical protein 
SC07612 conserved hypothetical protein 
SC07641 putative dehydrogenase 
SC07717 putative secreted protein 
SC07789 hypothetical protein 
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